(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
6 December 2001 (06.12.2001) 



PCX 



(10) International Publication Number 

wo 01/92512 A2 



(51) International Patent Classification^: C12N 15/10, 

15/1 1, 15/82, C07H 21/00, C12N 5/10, AOIH 5/00, C12Q 
1/68 

(21) International Application Number: PCT/USOl/17672 

(22) International Filing Date: 1 June 2001 (01.06.2001) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/208,538 
60/244,989 
09/818,875 



1 June 2000 (01.06.2000) US 
30 October 2000 (30.10.2000) US 
27 March 2001 (27.03.2001) US 



(71) Applicant (for all designated States except US): UNI- 
VERSITY OF DELAWARE [US/US]; 210 Hullihen 
Hall, Newark, DE 19716 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): KMIEC, Eric, 

B. [US/US]; 18 Crossan Court, Landenberg, PA 19350 
(US). GAMPER, Howard, B, [US/US]; 904 Locust 
Street, Philadelphia, PA 19107 (US). RICE, Michael, 

C. [US/US]; 802 Washington Crossing Road, Newtown, 
PA 18940 (US). KIM, Jungsup [KRAJS]; 3 Chase Hall, 
Newark, DE 19711 (US). 

(74) Agents: HALEY, James, F., Jr. et al.; Fish & Neave, 1251 
Avenue of the Americas, New York, NY 10020 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, FT, GB, GD, GE, GH, 



GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, EC, 
LK, LR, LS, ET, EU, EV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 
SL, TJ, TM, TR, XT, TZ, UA, UG, US, UZ, VN, YU, ZA, 
ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SE, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European 
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, 
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF, 

CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG). 

Declarations under Rule 4.17: 

— as to applicant 's entitlement to apply for and be granted 
a patent (Rule 4.17(ii)) for the following designationsAE, 
AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, 

CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, ES, 
Fl GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, 
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD, MG, 
MK, MN, MW, MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, 
SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, UZ, VN, YU, 
ZA, ZW, ARIPO patent (GH, GM, KE, LS, MW, MZ, SD, SL, 
SZ, TZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, 
MD, RU, TJ, TM), European patent (AT, BE, CH, CY, DE, 
DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, TR), 
OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, 
MR, NE, SN, TD, TG) 

— as to the applicant 's entitlement to claim the priority of the 
earlier application (Rule 4. 17 (Hi)) for the following desig- 
nationsAE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, 
BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, 
EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, 
IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LK 
MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, 

[Continued on next page] 



(54) Title: TARGETED CHROMOSOMAL GENOMIC ALTERATIONS IN PLANTS USING MODIFIED SINGLE STRANDED 
OLIGONUCLEOTIDES 



RB 



< 





HYG 



eGFP 



NOS CaMV 
-ter 35 S 

promoter 



pBI -Hyg eGFP 




^5 (57) Abstract: Presented are methods and compositions for targeted chromosomal genomic alterations with modified 
single-stranded oligonucleotides. The oligonucleotides of the invention have modified nuclease-resisant termini comprising LNA, 
}^ phosphorothioate linkages or 2'-0-Me base analogues or combinations of such modifications. 



wo 01/92512 A2 lllllllllllllllllllllllllllllllllllllllllli^ 



UG, UZ, VN, YU, 7A, ZW, ARIPO patent (GH, GM, KE, LS, 
MW, MZ, Sa SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG) 

— as to the applicant 's entitlement to claim the priority of the 
earlier application (Rule 4. 1 7(iii)) for the following desig- 
nationsAE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, 
BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, 
EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, 
IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, 
MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, 
UG, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS, 
MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG) 

— as to the applicant 's entitlement to claim the priority of the 
earlier application (Rule 4.17(iii)) for the following desig- 
nationsAE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, 
BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, 



EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, 
IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, 
MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, 
UG, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, LS, 
MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE, TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG) 

Published: 

— without international search report and to be republished 
upon receipt of that report 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



wo 01/92512 



PCT/USOl/17672 



TARGETED CHROMOSOMAL GENOMIC ALTERATIONS IN PLANTS 
USING MODIFIED SINGLE STRANDED OLIGONUCLEOTIDES 

Field Of The Invention 

The technical field of the invention is oligonucleotide-directed repair or alteration of plant 
genetic information using novel chemically modified oligonucleotides. 

Background Of The Invention 

A number of methods have been developed specifically to alter the genomic information 
of plants. These methods generally include the use of vectors such as, for example, T-DNA, carrying 
nucleic acid sequences encoding partial or complete portions of a particular protein which is expressed in 
a cell or tissue to effect the alteration. The expression of the particular protein then results in the desired 
phenotype. See, for example, United States Patent 4,459,355 which describes a method for transforming 
plants with a DNA vector and United States Patent 5,188,642 which describes cloning or expression 
vectors containing a transgenic DNA sequence which when expressed in plants confers resistance to the 
herbicide glyphosate. The use of such transgene-containing vectors adds one or more exogenous copies 
of a gene in a usually random fashion at one or more integration sites of the plants genome at some 
variable frequency. The introduced gene may be foreign or may be derived fi-om the host plant Any 
gene which was originally present in the genome, which may be, for example, a nonmal allelic variant; 
mutated, defective, and/or functional copy of the introduced gene, is retained in the genome of the host 
plant. 

These methods of gene alteration are problematic in that complications which can 
compromise the vigor, productivity, yield, etc. of the plant may result. One such problem is that insertion 
of exogenous nucleic acid at random location{s) in the genome can have deleterious effects. The random 
nature of this insertion and/or the use of exogenous promoters can also cause the timing, location or 
sti-ength of expression of the inti-oduced transgene to be inappropriate or unpredictable. Another problem 
with such systems includes the addition of unnecessary and unwanted genetic material to the genome of 
the recipient including, for example, T-DNA ends or other vector remnants, exogenous control 
sequences required to allow production of the ti'ansgene protein, which control sequences may be 
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exogenous or native to the host plant and/or the transgene, and reporter genes or resistance markers. 
Such remnants and added sequences may have presently unrecognized consequences, for example, 
involving genetic rearrangements of the recipient genomes. In addition, concems have been raised with 
consumption, especially by humans, of plants containing such exogenous genetic material. 

More recently, simpler systems involving poly- or oligo- nucleotides have been described 
for use in the alteration of genomic DNA. These chimeric RNA-DNA oligonucleotides, requiring 
contiguous RNA and DNA bases In a double-stranded molecule folded by complementarity into a double 
hairpin conformation, have been shown to effect single basepair or frameshift alterations, for example, for 
mutation or repair of plant, animal or fungal genomes. See, for example, WO 99/07865 and U.S. Patent 
5,565,350. In the chimeric RNA-DNA oligonucleotide, an uninterrupted sti-etch of DNA bases within the 
molecule is required for sequence alteration of the targeted genome while the obligate RNA residues are 
involved in complex stability. Due to the length, backbone composition, and sti-uctural configuration of 
these chimeric RNA-DNA molecules, they are expensive to synthesize and difficult to purify. Moreover, if 
the RNA-containing strand of the chimeric RNA-DNA oligonucleotide is designed so as to direct gene 
alteration, a series of mutagenic reactions resulting in nonspecific base alteration can result Such a 
result reduces the utility of such a molecule in methods designed for targeted gene alteration. 

Alternatively, other oligo- or poly- nucleotides have been used which require a triplex 
forming, usually polypurine or polypyrimidine, sf uctural domain which binds to a DNA helical duplex 
through Hoogsteen interactions between the major groove of the DNA duplex and the oligonucleotide. 
Such oligonucleotides may have an additional DNA reactive moiety, such as psoralen, covalently linked 
to the oligonucleotide. These reactive moieties function as effective intercalation agents, stabilize tiie 
formation of-a ti-|plex and can be mutagenic. Such agents may be required in order to stabilize the tiiplex 
forming domain of the oligonucleotide with the DNA double helix if the Hoogsteen interactions from the 
ollgonucleotide/target base composition are insufficient. See, e.g., U.S. Patent 5,422,251 . The utility of 
these oligonucleotides for directing targeted gene alteration is compronriised by a high frequency of 
nonspecific base changes. 

In more recent work, the domain for altering a genome is linked or tetiiered to tiie tiiplex 
forming domain of the bi-functional oligonucleotide, adding an additional linking or tethering functional 
domain to the oligonucleotide. See, e.g., Culver et al.. Nature BiotechnolQav 17: 989-93 (1999). Such 
chimeric or ti-iplex forming molecules have distinct sti-uctural requirements for each of the different 
domains of ttie complete poly- or oligo-nucleotide in order to effect the desired genomic alteration in eittier 
episomal or chromosomal targets. 



wo 01/92512 



-3- 



PCT/USOl/17672 



Other genes, e.g. CFTR, have been targeted by homologous recombination using duplex 
fragments having several hundred basepairs. See, e.g., Kunzelmann et al.. GeneTher. 3:859-867 
(1996). Similar efforts to target genes by homologous recombination in plants using large fragments of 
DNA had some success. See Kempin et ai., Nature 389:802-803 (1 997). However, the efficiency and 
reproducibility of the published homologous recombination approach in plants has severely limited the 
widespread use of this method. 

Earlier experiments to mutagenize an antibiotic resistance indicator gene by homologous 
recombination used an unmodified DNA oligonucleotide rather than larger fragments of DNA, wherein flie 
oligonucleotide had no functional domains other than a region of complementary sequence to the target 
See Campbell et al., New Biologist 1: 223-227 (1989). These experiments required large concentrations 
of the oligonucleotide, exhibited a very low frequency of episomal modification of a targeted exogenous 
plasmid gene not normally found in the cell and have not been reproduced. However, as shown in 
examples herein, we have observed that an unmodified DNA oligonucleotide can convert a base at low 
frequency which is detectable using the assay systems described herein. 

Oligonucleotides designed for use in the targeted alteration of genetic information are 
significantiy different from oligonucleotides designed for antisense approaches. For example, antisense 
oligonucleotides are perfectiy complementary to and bind an mRNA strand in order to modify expression 
of a targeted mRNA and are used at high concentration. As a consequence, they are unable to produce a 
gene conversion event by either mutagenesis or repair of a defect in the chromosomal DNA of a host 
genome. Furthermore, the backbone chemical composition used in most oligonucleotides designed for 
use in antisense approaches renders them inactive as substi'ates for homologous pairing or mismatch 
repair enzymes and the high concentrations of oligonucleotide required for antisense applications can be 
toxic with some types of nucleotide modifications. In addition, antisense oligonucleotides must be 
complementary to the mRNA and therefore, may not be complementary to the other DNA strand or to 
genomic sequences that span the junction between intron sequence and exon sequence. 

Artificial chromosomes can be useful for the screening purposes identified herein. These 
molecules are man-made linear or circular DNA molecules consti-ucted from essential cis-acting DNA 
sequence elements that are responsible for the proper replication and partitioning of natural 
chromosomes (Murray et al., 1983). The essential elements are: (1) Autonomous Replication Sequences 
(ARS), (2) Centromeres, and (3) Telomeres. 

Yeast artificial chromosomes (YACs) allow large segments of genomic DNA to be cloned 
and modified (Burke et al.. Science 236:806; Peterson et al., Trends Genet 13:61 (1997); Choi, et al., Nat. 
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Genet, 4:117-223 (1993), Davies, et al., Biotechnology 11:911-914 (1993), Matsuura, et aL, Hum. Mol. 
Genet, 5:451-459 (1996), Peterson etai., Proc. Natl. Acad. Set, 93:6605-6609 (1996); and Schedl, etaL, 
Cell, 86:71-82 (1996)). Other vectors also have been developed for the cloning of large segments of 
genomic DNA, including cosmids, and bacteriophage PI (Sternberg et at, Proc. Natl. Acad. Sci. U.SA, 
87:103-107 (1990)). YACs have certain advantages over these alternative large capacity cloning vectors 
(Burke etaL, Science, 236:806-812 (1987)). The maximum insert size is 35-30 kb for cosmids, and 100 
kb for bacteriophage PI, both of which are much smaller than the maximal insert size for a YAC. 

An alternative to YACs are cloning systems based on the £ co// fertility factor that have 
been developed to construct large genomic DNA insert libraries. They are bacterial artificial 
chromosomes (BACs) and P-1 derived artificial chromosomes (PACs) (Mejia et al., Genome Res. 
7:179-186 (1997); Shizuya et al., Proc. Natl. Acad. Sci. 89:8794-8797 (1992); loannou et at, Nat Genet, 
6:84-89 (1994); Hosoda etaL, Nucleic Acids Res. 18:3863 (1990)). BACs are based on the £ co// fertility 
plasmid (F factor); and PACs are based on the bacteriophage P1 . These vectors propagate at a very low 
copy number (1-2 per cell) enabling genomic inserts up to 300 kb in size to be stably maintained in 
recombination deficient hosts. The PACs and BACs are circular DNA molecules that are readily isolated 
from the host genomic background by classical alkaline lysis (Birnboim et ai., Nucleic Acids Res. 
7:1 51 3-1 523 (1 979)). In addition, BACs have been developed for transformation of plants with high- 
molecular weight DNA using the T-DNA system (Hamilton, Gene 24:1 07-1 1 6 (1 997); Frary & Hamilton, 
Transgenic Res. 1 0: 1 21 -1 32 (2001 )). 

A need exists for simple, inexpensive oligonucleotides capable of producing targeted 
alteration of genetic material such as those described herein as well as methods to identify optimal 
oligonucleotides that accurately and efficiently alter target DNA. 

Summary Of The Invention 

Novel, modified single-stranded nucleic acid molecules that direct gene alteration in 
plants are identified and the efficiency of alteration is analyzed both In vitro using a cell-free extract assay 
and in vivo using a yeast system and a plant system. The alteration in an oligonucleotide of the invention 
may comprise an insertion, deletion, substitution, as well as any combination of these. Site specific 
alteration of DNA is not only useful for studying function of proteins in vivo, but it is also useful for creating 
plants with desired phenotypes, including, for example, environmental stress tolerance, improved 
nutritional value, herbicide resistance, disease resistance, modified oil production, modified starch 
production, and altered floral morphology including selective sterility. As described herein, 
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oligonucleotides of tlie invention target directed specific gene alterations in genomic double-stranded 
DNA in cells. The target genomic DNA can be nuclear chromosomal DNA as well as plastid or 
mitochondrial chromosomal DNA. The target DNA can also be a transgene present in the plant ceil, 
including; for example, a previously introduced T-DNA. For screening purposes, the target plant DNA can 
also be extrachromosomal DNA present in plant or non-plant ceils in various forms including, e.g., 
mammalian artificial chromosomes (MACs), PACs from P-1 vectors, yeast artificial chromosomes (YACs), 
bacterial artificial chromosomes (BACs), plant artificial chromosomes (PLACs), as well as episomal DNA, 
including episomal DNA from an exogenous source such as a plasmid or recombinant vector. Many of 
these artificial chromosome constructs containing plant DNA can be obtained from a variety of sources, 
including, e.g., the Arabidopsis Biological Resource Center (ABRC) at the Ohio State University, and the 
Rice Genome Research Program at the MAFF DNA bank in Ibaraki, Japan. The target DNA may be 
transcriptionally silent or active. In a preferred embodiment, the target DNA to be altered is the non- 
transcribed strand of a genomic DNA duplex. In a more preferred embodiment, the target DNA to be 
altered is the non-transcribed strand of a transcribed gene of a genomic DNA duplex. 

The low efficiency of targeted gene alteration obtained using unmodified DNA 
oligonucleotides Is believed to be largely the result of degradation by nucleases present in the reaction 
mixture or the target cell. Although different modifications are known to have different effects on the 
nuclease resistance of oligonucleotides or stability of duplexes formed by such oligonucleotides (see, 
e.g., Koshkin et al., J. Am. Chem. Soc. 1 20:1 3252-3), we have found that it is not possible to predict 
which of any particular known modification would be most useful for any given alteration event, including 
for the construction of gene alteration oligonucleotides, because of the interaction of different as yet 
unidentified proteins during the gene alteration event Herein, a variety of nucleic acid analogs have been 
developed tiiat increase the nuclease resistance of oligonucleotides that contain them, including, e.g., 
nucleotides containing phosphorothioate linkages or 2 -0-methyl analogs. We recentiy discovered that 
single-stranded DNA oligonucleotides modified to contain 2 -0-methyl RNA nucleotides or 
phosphorothioate linkages can enable specific alteration of genetic information at a higher level than 
either unmodified single-stranded DNA or a chimeric RNA/DNA molecule. See, for example, copending 
applications United States application no. 60/208,538, United States application no. 60/244,989, United 
States application no. 09/818,875, international application no. PCT/US01/09761 and Gamperetal., 
Nucleic Acids Research 28: 4332-4339 (2000), the disclosures of which are incorporated herein in their 
entirety by reference. We also found that additional nucleic acid analogs which increase the nuclease 
resistance of oligonucleotides that contain them, including, e.g., locked nucleic acids" or "LNAs", xylo- 
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LNAs and L-ribo-LNAs; see, for example, Wengel & Nielsen, WO 99/14226; Wengel, WO 00/56748; 
Wengel, WO 00/66604; and Jakobsen & Koshkin, WO 01/25478 also allow specific targeted alteration of 
genetic information. 

The assay allows for determining the optimum length of the oligonucleotide, optimum 
sequence of the oligonucleotide, optimum position of the mismatched base or bases, optimum chemical 
modification or modifications, optimum strand targeted for identifying and selecting the most efficient 
oligonucleotide for a particular gene alteration event by comparing to a control oligonucleotide. Control 
oligonucleotides may include a chimeric RNA-DNA double hairpin oligonucleotide directing the same 
gene alteration event, an oligonucleotide that matches its target completely, an oligonucleotide in which all 
linkages are phosphorothiolated, an oligonucleotide fully substituted with 2 -0-methyl analogs or an RNA 
oligonucleotide. Such control oligonucleotides either fail to direct a targeted alteration or do so at a lower 
efficiency as compared to the oligonucleotides of the invention. The assay further allows for detennining 
the optimum position of a gene alteration event within an oligonucleotide, optimum concentration of the 
selected oligonucleotide for maximum alteration efficiency by systematically testing a range of 
concentrations, as well as optimization of either the source of cell extract by testing different plants or 
strains, or testing cells derived from different plants or strains, or plant cell lines. Using a series of 
single-stranded oligonucleotides, comprising all RNA or DNA residues and various mixtures of the two, 
several new structures are identified as viable molecules in nucleotide conversion to director repair a 
genomic mutagenic event When extracts from mammalian, plant and fungal cells are used and are 
analyzed using a genetic readout assay in bacteria, single-stranded oligonucleotides having one of 
several modifications are found to be more active than a control RNA-DNA double hairpin chimera 
structure when evaluated using an in vitro gene repair assay. Similar results are also observed in vivo 
using yeast, mammalian and plant cells. Molecules containing various lengths of modified bases were 
found to possess greater activity than unmodified single-stranded DNA molecules. 

Detailed Descriptron Of The Invention 

The present invention provides oligonucleotides having chemically modified, nuclease 
resistant residues, preferably at or near the termini of the oligonucleotides, and methods for their 
identification and use in targeted alteration of plant genetic material, including gene mutation, targeted 
gene repair and gene knockout. The oligonucleotides are preferably used for mismatch repair or 
alteration by changing at least one nucleic acid base, or for frameshift repair or alteration by addition or 
deletion of at least one nucleic acid base. The oligonucleotides of ttie invention direct any such alteration, 
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including gene correction, gene repair or gene mutation and can be used, for example, to introduce a 
polymorphism or haplotype or to eliminate ("knockouf ) a particular protein activity. For example, gene 
alterations that knockout a particular protein activity can be obtained using oligonucleotides designed to 
convert a codon in the coding region of the protein to a stop codon, thus prematurely terminating 
translation of the protein. Oligonucleotides that introduce stop codons in the open-reading-frame of the 
protein are one embodiment of the invention. Generally, oligonucleotides that introduce stop codons 
early in the open-reading-frame of the protein are preferred. If the open-reading-frame contains more 
than one methionine, oligonucleotides that introduce stop codons after the second methionine are 
preferred. Additionally, if the gene exhibits alternative splice sites, oligonucleotides that introduce stop 
codons in exons after the alternative splice site are preferred. The following table provides examples of 
codons that can be converted to stop codons by altering a single oligonucleotide. A skilled artisan could 
readily identify other codons that can be converted to stop codons by altering one, two or three of the 
base pairs in a given codon. Similarly, a skilled artisan could readily identify codons that can be 
converted to stop codons by a frameshift mutations that inserts or deletes one or two base pairs in the 
open-reading-frame. It is also understood that more than one stop codon can be generated in a single 
open-reading-frame and that these stop codons can be adjacent in the sequence or separated by 
intervening codons. Where more than one stop codon is introduced into a single open-reading-frame, 
such alterations can be generated by a single or multiple oligonucleotides and can be generated 
simultaneously or by sequential mutagenesis of the target nucleic acid. 



Original codons* 


Corresponding stop codon 


GGA (glycine), AGA (arginine), CGA (arginine), TTA (leucine), 
TCA (serine), TGI (cysteine), TGG (tryptophan), TGC (cysteine) 


TGA 


AAG (lysine), GAG (glutamate), CAG (glutamine), TTG (leucine), 
TCG (serine), TGG (tryptophan), TAJ (cysteine), TAC (tyrosine) 


TAG 


AAA (lysine), GAA (glutamate), CAA (glutamine), TIA (leucine), 
TCA (serine), TAI (cysteine), TAC (tyrosine) 


TAA 



*The amino acid encoded by the original codon is shown in parentheses and the base targeted for 
alteration to convert the codon to the corresponding stop codon is underlined and in bold 
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The oligonucleotides of the invention are designed as substrates for homologous pairing 
and repair enzymes and as such have a unique backbone composition that differs from chimeric RNA- 
DNA double hairpin oligonucleotides, antisense oligonucleotides, and/or other poly- or oligo-nucleotides 
used for altering genomic DNA, such as triplex forming oligonucleotides. The single-stranded oligo- 
nucleotides described herein are inexpensive to synthesize and easy to purify. In side-by-side 
comparisons, an optimized single-stranded oligonucleotide comprising modified residues as described 
herein is significantly more efficient than a chimeric RNA-DNA double hairpin oligonucleotide in directing a 
base substitution or frameshift mutation in a cell-free extract assay. 

We have discovered that single-stranded oligonucleotides having a DNA domain 
surrounding the targeted base, with the domain preferably central to the poly- or oligo-nucleotide, and 
having at least one modified end, preferably at the 3' terminal region, are able to alter a target genetic 
sequence and with an efficiency that is higher than chimeric RNA-DNA double hairpin oligonucleotides 
disclosed in US Patent 5,565,350. Preferred oligonucleotides of the invention have at least two modified 
bases on at least one of the termini, preferably the 3' terminus of the oligonucleotide. Oligonucleotides 
of the invention can efficiently be used to Introduce targeted alterations in a genetic sequence of DNA in 
the presence of human, animal, plant, fungal (including yeast) proteins and in cells of different types 
including, for example, plant cells, fungal cells including S. cerevisiae, Ustillago maydis, Candida albicans, 
and mammalian cells. Particularly preferred are cells and cell extracts derived from plants including, for 
example, experimental model plants such as Chiamydomonas reinhardtii, Physcomitrella patens, and 
Arabidopsis tfialiana in addition to crop plants such as cauliflower {Brassica oleracea), artichoke {Cynara 
scolymus), fruits such as apples {Malus, e.g. domesticus), mangoes [Mangifera, e.g. indica), banana 
(Musa, e.g.' acuminata), berries (such as currant, Ribes, e.g. mbmm), kiwifruit (Acf/n/cf/a, e.g. cfiinensis), 
grapes {Vitis, e.g. vinifera), bell peppers {Capsicum, e.g. annuum), cherries (such as the sweet cherry, 
. Pmnus, e.g. avium), cucumber {Cucumis, e.g. sativus), melons {Cucumis, e.g. melo), nuts (such as 
walnut, Juglans, e.g. reg/a; peanut, Arachis hypogeae), orange {Citms, e.g. maxima), peach {Pmnus, e.g. 
persica), pear {Pyra, e.g. communis), plum {Pmnus, e.g. domestica), strawberry {Fragaria, e.g. moschata 
or vesca), tomato {Lycopersicon, e.g. esculentum)', leaves and forage, such as alfalfa {Medicago, e.g. 
sativa or tmncatula), cabbage (e.g. Brassica oleracea), endive {Ciclioreum, e.g. endivia), leek {Allium, 
e.g. pornjm), lettuce {Lactuca, e.g. sativa), spinach {Spinacia, e.g. oleraceae), tobacco {Nicotiana, e.g. 
tabacum)] roots, such as arrowroot {Maranta, e.g. amndinacea), beet {Beta, e.g. vulgaris), carrot 
{Daucus, e.g. carota), cassava {Maniliot, e.g. esculenta), turnip {Brassica, e.g. rapa), radish {Raplianus, 
e.g. sativus), yam {Dioscorea, e.g. esculenta), sweet potato {Ipomoea batatas)] seeds, including oilseeds, 
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such as beans {Phaseolus, e.g. vulgaris), pea {Pisum, e.g. sativum), soybean {Glycine, e.g. max), 
cowpea {Vigna unguiculata), mothbean {VIgna aconitifblia), wheat [Triticum, e.g. aestivum), sorghum 
{Sorghum e.g. 6/co/oa), barley {Hordeum, e.g. wy/gare), corn (Zea, e.g. mays), rice {Oryza. e.g. saf/Va), 
rapeseed {Brassica napus), millet {Panicum sp.), sunflower (Helianthus annuus), oats {/Ivena saftVa), 
chickpea (C/cer, e.g. arietinum); tubers, such as kohlrabi (Srass/ca, e.g. oleraceae), potato {Solanum, e.g. 
tuberosum) and the like; fiber and wood plants, such as flax {Linum e.g. usitatissimum), cotton 
{Gossypium e.g. hirsutum), pine (P/hus sp.). oak (Quercws sp.), eucalyptus {Eucalyptus sp.), and the like 
and ornamental plants such as turfgrass {Lolium, e.g. rigidum), petunia {Petur)ia, e.g. x ftyftrida), hyacinth 
{Hyacinthus orientalis). carnation {Dianthus e.g. caryophyllus), delphinium {Delphinium, e.g. ayac/s), Job's 
tears {Coix lacrymaiobi), snapdragon {Antinhinum maps), poppy {Papaver, e.g. nudicaule), lilac 
(Synnga, e.g. w//ga/7s), hydrangea (Hycfrangea e.g. macrophylla), roses (including Gallicas, Albas, 
Damasks, Damask Perpetuals, Centifollas, Chinas, Teas and Hybrid Teas) and ornamental goldenrods 
(e.g. Solidago spp.). Such plant cells can then be used to regenerate whole plants according to methods 
described herein or any method known in the art. The DNA domain of the oligonucleotides is preferably 
fully complementary to one strand of the gene target, except for the mismatch base or bases responsible 
for the gene alteration event(s). On either side of the preferably central DNA domain, the contiguous 
bases may be either RNA bases or, preferably, are primarily DNA bases. The central DNA domain is 
generally at least 8 nucleotides in length. The base(s) targeted for alteration in the most preferred 
embodiments are at least about 8, 9 or 10 bases ft-om one end of the oligonucleotide. 

According to certain embodiments, one or both of the temiini of the oligonucleotides of 
the present invention comprise phosphorothioate modifications, LNA backbone (including LNA derivatives 
and analogs) modifications, or 2'-0-methyl base analogs, or any combination of these modifications. 
Oligonucleotides comprising 2'-0-methyl or LNA analogs are a mixed DNA/RNA polymer. The 
oligonucleotides of the invention are, however, single-stranded and are not designed to form a stable 
internal duplex sti-ucture within the oligonucleotide. The efficiency of gene alteration is surprisingly 
increased with oligonucleotides having internal complementary sequence comprising phosphorothioate 
modified bases as compared to 2'-0-methyl modifications. This result Indicates that specific chemical 
interactions are involved between the converting oligonucleotide and the proteins involved in the 
conversion. The effect of other such chemical interactions to produce nuclease resistant termini using 
modifications other than LNA (Including LNA derivatives or analogs), phosphorothioate linkages, or 2'-0- 
metiiyl analog incorporation into an oligonucteotide can not yet be predicted because the proteins 
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involved in the alteration process and their particular chemical interaction with the oligonucleotide 
substituents are not yet known and cannot be predicted. 

In the examples, oligonucleotides of defined sequence are provided for alteration of 
genes inr particular plants. Provided the teachings of the instant application, one of skill in the art could 

5 readily design oligonucleotides to introduce analogous alterations in homologous genes from any plant 
Furthermore, in the tables of these examples, the oligonucleotides of the invention are not limited to the 
particular sequences disclosed. The oligonucleotides of the invention include extensions of the 
appropriate sequence of the longer 120 base oligonucleotides which can be added base by base to the 
smallest disclosed oligonucleotides of 17 bases. Thus the oligonucleotides of the invention include for 

10 each correcting change, oligonucleotides of length 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 
31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 
59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101, 102, 103, 104, 105, 106, 107, 108, 109, 110, 
1 1 1 , 1 1 2, 1 1 3, 1 1 4, 1 1 5, 1 1 6, 1 1 7, 1 1 8, 1 1 9, or 1 20 with further single-nucleotide additions up to the 

1 5 longest sequence disclosed. In some embodiments, longer nucleic acids of up to 240 bases which 

comprise the sequences disclosed herein may be used. Moreover, the oligonucleotides of the invention 
do not require a symmetrical extension on either side of the central DNA domain. Similarly, the 
oligonucleotides of the invention as disclosed in the various tables for alteration of particular plant genes 
contain phosphorothioate linkages, 2'-0-methyl analog or LNA (including LNA derivatives and analogs) or 

20 any combination of these modifications just as the assay oligonucleotides do. 

The present invention, however, is not limited to oligonucleotides that contain any 
particular nuclease resistant modification. Oligonucleotides of the invention may be altered with any . 
combination of additional LNAs (including LNA derivatives and analogs), phosphorothioate linkages or 2'- 
0-methyl analogs to maximize conversion efficiency. For oligonucleotides of the invention that are longer 

25 than about 1 7 to about 25 bases in length, internal as well as terminal region segments of the backbone 
may be altered. Alternatively, simple fold-back structures at each end of a oligonucleotide or appended 
end groups may be used in addition to a modified backbone for conferring additional nuclease resistance. 

The different oligonucleotides of the present invention preferably contain more than one 
of the aforementioned backbone modifications at each end. In some embodiments, the backbone 

30 modifications are adjacent to one another. However, the optimal number and placement of backbone 
modifications for any individual oligonucleotide will vary with the length of the oligonucleotide and the 
particular type of backbone modification(s) that are used. If constructs of identical sequence having 
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phosphorothioate linkages are compared, 2, 3, 4, 5, or 6 phosphorothioate linkages at each end are 
preferred. If constructs of identical sequence having 2-0-methyl base analogs are compared, 1, 2, 3 or 4 
analogs are preferred. The optimal number and type of backbone modifications for any particular oligo- 
nucleotide useful for altering target DNA may be determined empirically by comparing the alteration 

5 efficiency of the oligonucleotide comprising any combination of the modifications to a control molecule of 
comparable sequence using any of the assays described herein. The optimal position(s) for 
oligonucleotide modifications for a maximally efficient altering oligonucleotide can be determined by 
testing the various modifications as compared to control molecule of comparable sequence in one of the 
assays disclosed herein. In such assays, a control molecule includes, e.g., a completely 2'-0-methyl 

1 0 substituted molecule, a completely complementary oligonucleotide, or a chimeric RNA-DNA double 
hairpin. 

Increasing the number of phosphorothioate linkages, LNAs or 2-0-methyl bases beyond 
the preferred number generally decreases the gene repair activity of a 25 nucleotide long oligonucleotide. 
Based on analysis of the concentration of oligonucleotide present in the extract after different time periods 

1 5 of incubation, it is believed that the terminal modifications impart nuclease resistance to the oligonucleo- 
tide thereby allowing it to survive within the cellular environment. However, this may not be the only 
possible mechanism by which such modifications confer greater efficiency of conversion. For example, 
as disclosed herein, certain modifications to oligonucleotides confer a greater improvement to the 
efficiency of conversion tiian other modifications. 

20 Efficiency of conversion is defined herein as the percentage of recovered substrate 

molecules that have undergone a conversion event Depending on the nature of the target genetic 
material, e.g. the genome of a cell, efficiency could be represented as the proportion of cells or clones 
containing an extrachromosomal element that exhibit a particular phenotype. Alternatively, representative 
samples of the target genetic material can be sequenced to determine the percentage that have acquired 

25 the desire change. The oligonucleotides of the invention in different embodiments can alter DNA two, 
three, four, five, six, seven, eight, nine, ten, twelve, fifteen, twenty, thirty, and fifty or more fold more than 
contarol oligonucleotides. Such conti^oi oligonucleotides are oligonucleotides with fully phosphorothiolated 
linkages, oligonucleotides that are fully substituted with 2'-0-methyl analogs, a perfectiy matched 
oligonucleotide that is fully complementary to a target sequence or a chimeric DNA-RNA double hairpin 

30 oligonucleotide such as disclosed in US Patent 5,565,350. 

In addition, for a given oligonucleotide length, additional modifications interiere with the 
ability of the oligonucleotide to act in concert with the cellular recombination or repair enzyme machinery 
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which is necessary and required to mediate a targeted substitution, addition or deletion event in DNA. For 
example, fully phosphorothiolated or fully 2-0-methylated molecules are Inefficient in targeted gene 
alteration. 

The oligonucleotides of the invention as optimized for the purpose of targeted alteration 
5 of genetic material, Including gene knockout or repair, are different in structure from antisense oligo- 
nucleotides that may possess a similar mixed chemical composition backbone. The oligonucleotides of 
the invention differ from such antisense oligonucleotides in chemical composition, structure, sequence, 
and in their ability to alter genomic DNA. Significantly, antisense oligonucleotides fail to direct targeted 
gene alteration. The oligonucleotides of the invention may target either strand of DNA and can include . 

1 0 any component of the genome including, for example, intron and exon sequences. The preferred 

embodiment of the invention is a modified oligonucleotide that binds to the non-transcribed strand of a 
genomic DNA duplex. In other words, the preferred oligonucleotides of the invention target the sense 
strand of the DNA, i.e. the oligonucleotides of the invention are complementary to the non-transcribed 
strand of the target duplex DNA. The sequence of the non-transcribed strand of a DNA duplex is found in 

1 5 the mRNA produced from that duplex, given that mRNA uses uracil-containing nucleotides in place of 
thymine-containing nucleotides. 

Moreover, the initial observation that single-stranded oligonucleotides comprising these 
modifications and lacking any particular triplex forming domain have reproducibly enhanced gene 
alteration activity in a variety of assay systems as compared to a chimeric RNA-DNA double-stranded 

20 hairpin control or single-stranded oligonucleotides comprising oltier backbone modifications was 

surprising. The single-stranded molecules of the invention totally lack the complementary RNA binding 
structure that stabilizes a normal chimeric double-stranded hairpin of the type disclosed in 
U.S. Patent 5,565,350 yet is more effective in producing targeted base conversion as compared to such a 
chimeric RNA-DNA double-stranded hairpin. In addition, the molecules of the invention lack any 

25 particular triplex forming domain involved in Hoogsteen interactions with the DNA double helix and 

required by other known oligonucleotides in other oligonucleotide-dependant gene conversion systems. 
Although the lack of these functional domains was expected to decrease the efficiency of an alteration in 
a sequence, just the opposite occurs: the efficiency of sequence alteration using the modified 
oligonucleotides of the Invention is higher than the efficiency of sequence alteration using a chimeric 

30 RNA-DNA hairpin targeting the same sequence alteration. Moreover, the efficiency of sequence 

alteration or gene conversion directed by an unmodified oligonucleotide is many times lower as compared 
to a conti-ol chimeric RNA-DNA molecule or the modified oligonucleotides of the Invention targeting the 
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same sequence alteration. Similarly, molecules containing at least 3 2'-0-methyl base analogs are about 
four to five fold less efficient as compared to an oligonucleotide having the same number of 
phosphorothioate linkages. 

The oligonucleotides of the present invention for alteration of a single base are about 17 
5 to about 1 21 nucleotides in length, preferably about 1 7 to about 74 nucleotides in length. Most preferably, 
however, the oligonucleotides of the present invention are at least about 25 bases in length, unless there 
are self-dlmerization structures within the oligonucleotide. If the oligonucleotide has such an unfavorable 
structure, lengths longer than 35 bases are preferred. Oligonucleotides with modified ends both shorter 
and longer than certain of the exemplified, modified oligonucleotides herein function as gene repair or 
1 0 gene knockout agents and are within the scope of the present invention. 

Once an oligomer is chosen, it can be tested for its tendency to self-dimerize, since self- 
dimerization may result in reduced efficiency of alteration of genetic information. Checking for self- 
dimerization tendency can be accomplished manually or, preferably, using a software program. One 
such program is Oligo Analyzer 2.0, available through Integrated DNA Technologies (Coralville, lA 52241) 
1 5 (http://www.idtdna.com); this program is available for use on the world wide web at 
http://www.idtdna.com/program/oligoanalyzer/ 
ollgoanalyzer.asp. 

For each oligonucleotide sequence input into the program, Oligo Analyzer 2.0 reports possible self- 
dimerized duplex forms, which are usually only partially duplexed, along with the free energy change 

20 associated with such self-dimerization. Delta G-values that are negative and large in magnitude, 

indicating strong self-dimerization potential, are automatically flagged by the software as "bad". Another 
software program that analyzes oligomers for pair dimer formation is Primer Select from DNASTAR, Inc., 
1228 S. Park St., Madison, Wl 53715, Phone: (608) 258-7420 
(http://www.dnastar.com/products/PrimerSelect.html). 

25 If the sequence is subject to significant self-dimerization, the addition of further sequence flanking the 
"repair" nucleotide can improve gene correction frequency. 

Generally, the oligonucleotides of the present invention are identical in sequence to one 
strand of the target DNA, which can be either strand of the target DNA, with the exception of one or more 
targeted bases positioned within the DNA domain of the oligonucleotide, and preferably toward the middle 

30 between the modified terminal regions. Preferably, the difference in sequence of the oligonucleotide as 
compared to the targeted genomic DNA is located at about the middle of the oligonucleotide sequence. In 
a preferred embodiment, the oligonucleotides of the invention are complementary to the non-transcribed 
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Strand of a duplex. In other words, the preferred oligonucleotides target the sense strand of the DNA, i.e. 
the oligonucleotides of the invention are preferably complementary to the strand of the target DNA the 
sequence of which is found in the mRNA. 

The oligonucleotides of the invention can include more than a single base change. In an 
5 oligonucleotide that is about a 70-mer, with at least one modified residue incorporated on the ends, as 

disclosed herein, multiple bases can be simultaneously targeted for change. The target bases may be up 
to 27 nucleotides apart and may not be changed together in all resultant plasmids in all cases. There is a 
frequency distribution such that the closer the target bases are to each other in the central DNA domain, 
within the oligonucleotides of the invention, the higher the frequency of change In a given cell. Target 

1 0 bases only two nucleotides apart are changed together in every case that has been analyzed. The 

farther apart the two target bases are, the less frequent the simultaneous change. Thus, oligonucleotides 
of the invention may be used to repair or alter multiple bases rather than just one single base. For 
example, in a 74-mer oligonucleotide having a central base targeted for change, a base change event up 
to about 27 nucleotides away can also be effected. The positions of the altering bases within the 

15 oligonucleotide can be optimized using any one of the assays described herein. Preferably, the altering 
bases are at least about 8 nucleotides from one end of the oligonucleotide. 

The oligonucleotides of the present invention can be introduced into cells by any suitable 
means. According to certain preferred embodiments, the modified oligonucleotides may be used alone. 
Suitable means, however, include the use of polycations, cationic lipids, liposomes, polyethylenimine 

20 (PEI), electroporation, biolistics, microinjection and other methods known in the art to facilitate cellular 

uptake. For plant cells, biolistic or particle bombardment methods are typically used. According to certain 
preferred embodiments of the present invention, isolated plant cells are treated in culture according to the 
methods of the invention, to mutate or repair a target gene. Alternatively, plant target DNA may be 
modified in vitro or in another cell type, including for example, yeast or bacterial cells and then introduced 

25 into a plant cell as, for example, a T-DNA. Plant cells thus modified may be used to regenerate the whole 
organism as, for example, in a plant having a desired targeted genomic change. In other instances, 
targeted genomic alteration, including repair or mutagenesis, may take place in vivo following direct 
administration of the modified, single-stranded oligonucleotides of the invention to a subject. 

The single-stranded, modified oligonucleotides of the present invention have numerous 

30 applications as gene repair, gene modification, or gene knockout agents. Such oligonucleotides may be 
advantageously used, for example, to introduce or correct multiple point mutations. Each mutation leads 
to the addition, deletion or substitution of at least one base pair. The methods of the present invention 
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offer distinct advantages over other methods of altering the genetic makeup of an organism, in that only 
the individually targeted bases are altered. No additional foreign DNA sequences are added to the 
genetic complement of the organism. Such agents may, for example, be used to develop plants with 
improved traits by rationally changing the sequence of selected genes in isolated cells and using these 
modified ceils to regenerate whole plants having the altered gene. See, e,g!, U.S. Patent 6,046,380 and 
U.S. Patent 5,905,1 85 incorporated herein by reference. Such plants produced using the compositions of 
the invention lacl< additional undesirable selectable markers or other foreign DNA sequences. Targeted 
base pair substitution or frameshift mutations introduced by an oligonucleotide in the presence of a cell- 
free extract also provides a way to modify the sequence of extrachromosomal elements, including, for 
example, plasmids, cosmids and artificial chromosomes. The oligonucleotides of the invention also 
simplify the production of plants having particular modified or inactivated genes. Altered plant mode! 
systems such as those produced using the methods and oligonucleotides of the invention are invaluable 
in determining the function of a gene and in evaluating drugs. The oligonucleotides and methods of the 
present Invention may also be used to introduce molecular markers, including, for example, SNPs, 
RFLPs, AFLPs and CAPs. 

The purified oligonucleotide compositions may be formulated in accordance with routine 
procedures depending on the target For example, purified oligonucleotide can be used directly in a 
standard reaction mixture to introduce alterations into targeted DNA in vitro or where cells are the target 
as a composition adapted for bathing cells in culture or for microinjection into cells in culture. The purified 
oligonucleotide compositions may also be provided on coated microbeads for biolistic delivery into plant 
cells. Where necessary, the composition may also include a solubilizing agent. Generally, the 
ingredients will be supplied either separately or mixed together in single-use form, for example, as a dry, 
lyophilized powder or water-free concentrate. In general, dosage required for efficient targeted gene 
alteration will range from about 0.001 to 50,000 |jg/kg target tissue, preferably between 1 to 250 pg/kg, 
and most preferably at a concentration of between 30 and 60 micromolar. 

For cell administration, direct injection into the nucleus, biolistic bombardment, 
electroporatlon, liposome transfer and calcium phosphate precipitation may be used. In yeast, lithium 
acetate or spheroplast transformation may also be used. In a preferred method, the administration is 
performed with a liposomal transfer compound, e.g., DOTAP (Boehringer-Mannheim) or an equivalent 
such as lipofectin. The amount of the oligonucleotide used is about 500 nanograms in 3 micrograms of 
DOTAP per 100,000 cells. For electroporatlon, between 20 and 2000 nanograms of oligonucleotide per 
million cells to be electroporated is an appropriate range of dosages which can be increased to improve 
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efficiency of genetic alteration upon review of the appropriate sequence according to the methods 
described herein. For biolistic delivery, microbeads are generally coated with resuspended 
oligonucleotides, which range of oligonucleotide to microbead concentration can be similarly adjusted to 
improve efficiency as determined using one of the assay methods described herein, starting with about 
0.05 to 1 microgram of oligonucleotide to 25 microgram of 1 .0 micrometer gold beads or similar 
microcarrier. 

Another aspect of the invention is a kit comprising at least one oligonucleotide of the 
invention. The kit may comprise an additional reagent or article of manufacture. The additional reagent 
or article of manufacture may comprise a delivery mechanism, cell extract, a cell, or a plasmid, such as 
one of those disclosed in the Figures herein, for use in an assay of the invention. Alternatively, the 
invention includes a kit comprising an isogenic set of cells in which each cell in the kit comprises a 
different altered amino acid for a target protein encoded by a targeted altered gene within tiie cell 
produced according to the methods of the invention. 

Brief Description Of The Drawings 

Figure 1 Flow diagram for the generation of modified single-stranded oligonucleotides. 
The upper strands of chimeric oligonucleotides I and II are separated into pathways resulting in the 
generation of single-sti*anded oligonucleotides that contain (A) 2 -0-methyl RNA nucleotides or (B) 
phosphorothioate linkages. Fold changes in repair activity for correction of kan^ in tiie HUH7 cell-free 
exti-act are presented in parenthesis. HUH7 cells are described in Nakabayashi et aL, Cancer Research 
42: 3858-3863 (1982). Each single-stranded oligonucleotide is 25 bases in length and contains a G 
residue mismatched to the complementary sequence of tiie kan' gene. The numbers 3, 6, 8, 10, 12 and 
12.5 respectively indicate how many phosphorothioate linkages (S) or 2 -0-methyl RNA nucleotides (R) 
are at each end of the molecule. Hence oligo 12S/25G contains an all phosphorothioate backbone, 
displayed as a dotted line. Smooth lines indicate DNA residues, wavy lines indicate 2'-0-methyl RNA 
residues and the carat indicates the mismatched base site (G). Figure 1 (C) provides a schematic plasmid 
indicating the sequence of the kan chimeric double-sti'anded hairpin oligonucleotide (left) and the 
sequence the tet chimeric double-sti'anded hairpin oligonucleotide used in other experiments. Figure 
1 (D) provides a flow chart of a kan experiment in which a chimeric double-sti-anded hairpin 
oligonucleotide is used. 

Figure 2. Genetic readout system for correction of a point mutation in plasmid pK'm4021 . 
A mutant kanamycin gene harbored in plasmid pK^m4021 is the target for correction by oligonucleotides. 
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The mutant G is converted to a C by the action of the oligo. Corrected plasmids confer resistance to 
kanamycin in E.co// (DH10B) after electroporation leading to the genetic readout and colony counts. 

Figure 3: Target plasmid and sequence connection of a frameshift mutation by chimeric 
and single-stranded oligonucleotides. (A) Plasmid prA208 contains a single base deletion mutation at 
5 position 208 rendering it unable to confer tet resistance. The target sequence presented below indicates 
the insertion of a T directed by the oligonucleotides to re-establish the resistant phenotype. (B) DNA 
sequence confirming base insertion directed by Tet 3S/25G; the yellow highlight indicates the position of 
frameshift repair. 

Figure 4. DNA sequences of representative karf colonies. Confirmation of sequence 

1 0 alteration directed by the indicated molecule is presented along with a table outlining codon distribution. 
Note that 1 0S/25G and 1 2S/25G elicit both mixed and unfaithful gene repair. The number of clones 
sequenced is listed in parentheses next to the designation for the single-stranded oligonucleotide, A plus 
(+) symbol indicates the codon identified while a figure after the (+) symbol indicates the number of 
colonies with a particular sequence. TAC/TAG indicates a mixed peak. Representative DNA sequences 

1 5 are presented below the table with yellow highlighting altered residues. 

Figure 5. Gene connection in l-leLa cells. Representative oligonucleotides of the 
invention are co-transfected with the pCMVneoOFIAsH plasmid (shown in Figure 9) into HeLa cells. 
Ligand is diffused into cells after co-transfection of plasmid and oligonucleotides. Green fluorescence 
indicates gene correction of the mutation in the antibiotic resistance gene. Correction of the mutation 

20 results in the expression of a fusion protein that carries a marker ligand binding site and when the fusion 
protein binds the ligand, a green fluorescence is emitted. The ligand is produced by Aurora Biosciences 
and can readily diffuse into cells enabling a measurement of corrected protein function; the protein must 
bind the ligand directly to induce fluorescence. Hence cells bearing the corrected plasmid gene appear 
green while "uncorrected" cells remain colorless. 

25 Figure 6. Z-series imaging of corrected cells. Serial cross-sections of the HeLa cell 

represented in Figure 6 are produced by Zeiss 510 LSM confocal microscope revealing that the fusion 
protein is contained within the cell. 

Figure 7. Hygromycin-eGFP target plasmids. (A) Plasmid pAURHYG(ins)GFP contains 
a single base insertion mutation between nucleotides 136 and 137, at codon 46, of the Hygromycin B 

30 coding sequence (cds) which is transcribed from the constitutive ADH1 promoter. The target sequence 
presented below indicates the deletion of an A and the substitution of a C for a T directed by the 
oligonucleotides to re-establish the resistant phenotype. (B) Plasmid pAURHYG(rep)GFP contains a 
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base substitution mutation introducing a G at nucleotide 137, at codon 46, of the Hygromycin B coding 
sequence (cds). The target sequence presented below the diagram indicates the amino acid 
conservative replacement of G with C, restoring gene function. 

Figure 8. Oligonucleotides for correction of hygromycin resistance gene. The sequence 
5 of the oligonucleotides used in experiments to assay correction of a hygromycin resistance gene are 

shown. DNA residues are shown in capital letters, RNA residues are shown in lowercase and nucleotides 
with a phosphorothioate backbone are capitalized and underlined. 

Figure 9. pAURNeo(-)FIAsH plasmid. This figure describes the plasmid structure, target 
sequence, oligonucleotides, and the basis for detection of the gene alteration event by fluorescence. 
1 0 Figure 1 0. pYESHyg(x)eGFP plasmid. This plasmid is a construct similar to the 

pAURHyg(x)eGFP construct shown in Figure 7, except the promoter is the inducible GAL1 promoter. 
This promoter is inducible with galactose, leaky in the presence of raffinose, and repressed in the 
presence of dextrose. 

Figure 1 1 . pBI-HygeGFP plasmid. This plasmid is a construct based on the plasmids 
15 pBI101, pB1 101.2, pBI101.3 or pB1 121 available from Clontech in which HygeGFP replaces the beta- 
glucuronidase gene of the Clontech plasmids. The different Clontech plasmids vary by a reading frame 
shift relative to the polylinker, or the presence of the Cauliflower mosaic virus promoter. 

The following examples are provided by way of illustration only, and are not intended to 
limit the scope of the invention disclosed herein. 

20 EXAMPLE 1 

Assay Method For Base Alteration 
And Preferred Oligonucleotide Selection 

In this example, single-stranded and double-hairpin oligonucleotides with chimeric backbones 
(see Figure 1 for structures (A and B) and sequences (C and D) of assay oligonucleotides) are used to 

25 correct a point mutation in the kanamycin gene of pK^m4021 (Figure 2) or the tetracycline gene of 

pT^A208 (Figure 3). All kan oligonucleotides share the same 25 base sequence surrounding the target 
base identified for change, just as all tet oligonucleotides do. The sequence is given in Figures 1 C and 
Figure 1D. Each plasmid contains a functional ampicillin gene. Kananiycin gene function is restored 
when a G at position 4021 is converted to a C (via a substitution mutation); tetracycline gene function is 

30 restored when a deletion at position 208 is replaced by a C (via frameshift mutation). A separate plasmid, 
pAURNeo(-)FIAsH (Figure 9), bearing the kan^ gene is used in the cell culture experiments. This plasmid 
was constructed by inserting a synthetic expression cassette containing a neomycin phosphotransferase 
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(kanamycin resistance) gene and an extended reading frame that encodes a receptor for the FlAsH 
ligand into the pAUR1 23 shuttle vector (Panvera Corp., Madison, Wl). The resulting construct replicates 
in S. cerevisiae at low copy number, confers resistance to aureobasidinA and constitutively expresses 
either the Neo+/FIAsH fusion product (after alteration) or the truncated Neo-/FIAsH product (before 
5 alteration) from the ADH1 promoter. By extending the reading frame of this gene to code for a unique 
peptide sequence capable of binding a small ligand to form a fluorescent complex, restoration of 
expression by correction of the stop codon can be detected in real time using confocal microscopy. 

Additional constructs can be made to test additional gene alteration events or for specific use in 
different expression systems. For example, alternative comparable plant plasmids or integration vectors 

10 such as, e.g. those based on T-DNA, can be constructed for stable expression in plant cells according to 
the disclosures herein. Such constructs would use a plant specific promoter such as, e.g., cauliflower 
mosaic virus 35S promoter, to replace the promoters directing expression of the neo, hyg or 
aureobasidinA resistance gene disclosed herein, including for example, in Figures 7B, 9 and 10 herein. 
Moreover, the green fluorescent protein (GFP) sequence used herein may be modifled to increase 

1 5 expression in plant cells such as Arabidopsis and the other plants disclosed herein as described in 

Haseloff et al., Proc. Natl.Acad. Sci. 94(6): 2122-7 (1997), Rouwendal et al. Plant Mol. Biol. 33(6): 989-99 
(1997) and Hu etal. FEBS Lett 369(2-3): 331-4 (1995). Codon usage for optimal expression of GFP in 
plants results from increasing the frequency of codons with a C or a G In the third position from 32 to 
about 60%. Specific constructs are disclosed and can be used as follows with such plant specific 

20 alterations. 

We also construct three mammalian expression vectors, pHyg(rep)eGFP, pHyg(A)eGFP, 
pHyg(ins)e(3FP, that contain a substitution mutation at nucleotide 137 of the hygromycin-B coding 
sequence, (rep) indicates a T137-*G replacement, (A) represents a deletion of the G137 and (ins) 
represents an A insertion between nucleotides 136 and 137. All point mutations create a nonsense 

25 termination codon at residue 46. We use pHYGeGFP plasmid (Invitrogen, CA) DNA as a template to 
introduce the mutations into the hygromycin-eGFP fusion gene by a two step site-directed mutagenesis 
PCR protocol. First, we generate overiapping ff and a 3' amplicons surrounding the mutation site by PCR 
for each of the point mutation sites. A 215 bp 5* ampllcon for the (rep), (A) or (ins) was generated by 
polymerization from oligonucleotide primer HygEGFPf (5'-AATACGACTCACTATAGG-3') to primer 

30 Hygrepr (5'GACCTATCCACGCCCTCC-3'), HygAr (5'-GACTATCCACGCCCTCC-3'), or Hyginsr (5'- 

GACATTATCCACGCCCTCC-3'), respectively. We generate a 300bp 3' amplicon for the (rep), (A) or . 
(ins) by polymerization from oligonucleotide primers Hygrepf (5'-CTGGGATAGGTCCTGCGG-3'), HygAf 
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(5'-CGTGGATAGTCCTGCGG-3'), Hyginsf (5'-CGTGGATAATGTCCTGCGG-3'), respectively to primer 
HygEGFPr (5'-AAATCACGCCATGTAGTG-3'). We mix 20 ng of each of the resultants' and 3' 
overlapping amplicon mutation sets and use the mixture as a template to amplify a 523 bp fragment of the 
Hygromycin gene spanning the Kpnl and RsrII restriction endonuclease sites. We use the Expand PGR 

5 system (Roche) fo generate all amplicons with 25 cycles of denaturing at 94^*0 for 10 seconds, annealing 
at 55''C for 20 seconds and elongation at 68'*C for 1 minute. We digest 10 jjg of vector pHYGeGFP and 
5 Mg of the resulting fragments for each mutation with Kpnl and RsrII (NEB) and gel purify the fragment 
for enzymatic ligation. We ligate each mutated insert into pHYGeGFP vector at 3:1 molar ratio using T4 
DNA ligase (Roche). We screen clones by restriction digest, confirm the mutation by Sanger dideoxy 

1 0 chain termination sequencing and purify the plasmid using a Qiagen maxiprep kit. 

Oligonucleotide synthesis and cells. Chimeric oligonucleotides and single-stranded 
oligonucleotides (including those with the indicated modifications) are synthesized using available 
phosphoramidites on controlled pore glass supports. After deprotection and detachment from the solid 
support, each oligonucleotide is gel-purified using, for example, procedures such as those described in 

1 5 Gamper ef a/., Biochem. 39, 5808-581 6 (2000) and the concentrations determined spectrophotometrically 
(33 or 40 |jg/ml per Ageo unit of single-stranded or hairpin oligomer). HUH7 cells are grown in DMEM, 
10% FBS, 2mM glutamine, 0.5% pen/strep. The £co// strain, DH10B, is obtained from Life Technologies 
(Gaithersburg, MD); DH10B cells contain a mutation in the RECA gene (recA). 

Cell-free extracts. Although this portion of this example is directed to mammalian 

20 systems, similar extracts from plants can be prepared as disclosed elsewhere in this application and used 
as disclosed in this example. We prepare cell-free extracts from HUH7 cells or other mammalian cells, as 
follows. We employ this protocol with essentially any mammalian cell including, for example, H1299 cells 
(human epithelial carcinoma, non-small cell lung cancer), C127I (immortal murine mammary epithelial 
cells), MEF (mouse embryonic fibroblasts), HEC-1-A (human uterine carcinoma), HCT15 (human colon 

25 cancer), HCT1 1 6 (human colon carcinoma), LoVo (human colon adenocarcinoma), and HeLa (human 
cervical carcinoma). We harvest approximately 2x10® cells. We then wash the cells immediately in cold 
hypotonic buffer (20 mM HEPES, pH7.5; 5 mM KCI; 1.5 mM MgCIa; 1 mM DTT) with 250 mM sucrose. 
We then resuspend the cells in cold hypotonic buffer without sucrose and after 15 minutes we lyse the 
cells with 25 strokes of a Dounce homogenizer using a tight fitting pestle. We incubate the lysed cells for 

30 60 minutes on ice and centrifuge the sample for 1 5 minutes at 1 2000xg. The cytoplasmic fraction is 

enriched with nuclear proteins due to the extended co-incubation of the fractions following cell breakage. 
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We then immediately aliquote and freeze the supernatant at -80"C. We determine the protein 
concentration in the extract by the Bradford assay. 

We also perform these experiments with cell-free extracts obtained from fungal cells, 
including, for example, S, cerevisiae (yeast), Ustilago maydis, and Candida albicans. For example, we 
grow yeast cells into log phase in 2L YPD medium for 3 days at 30**C. We then centrifuge the cultures at 
5000xg, resuspend the pellets in a 10% sucrose, 50 mM Tris, ImM EDTA lysis solution and freeze them 
on dry ice. After thawing, we add KCI, spermidine and lyticase to final concentrations of 0.25 mM, 5 mM 
and 0.1 mg/ml, respectively. We incubate the suspension on ice for 60 minutes, add PMSF and Triton 
XI 00 to final concentrations of 0.1 mM and 0.1 % and continue to incubate on ice for 20 minutes. We 
centrifuge the lysate at SOOOxg for 1 0 minutes to remove larger debris. We then remove the supernatant 
and clarify it by centrifuging at SOOOOxg for 15 minutes. We then add glycerol to the clarified extract to a 
concentration of 10% (v/v) and freeze aliquots at-80"C. We determine the protein concentration of the 
extract by the Bradford assay. 

Reaction mixtures of 50 |jl are used, consisting of 10-30 |jg protein of cell-free extract, 
which can be optionally substituted with purified proteins or enriched fractions, about 15 |jg chimeric 
double-hairpin oligonucleotide or 0.55 pg single-stranded molecule (3S/25G or 6S/25G, see Figure 1), 
and 1 |jg of plasmid DNA (see Figures 2 and 3) in a reaction buffer of 20 mM Tris, pH 7.4, 15 mM MgCl2, 
0.4 mM DTT, and 1 .0 mM ATP. Reactions are initiated with extract and incubated at ZO^'C for 45 min. 
The reaction is stopped by placing the tubes on ice and then immediately deproteinized by two 
phenol/chloroform (1:1) extractions. Samples are then ethanol precipitated. The nucleic acid is pelleted 
at 15,000 rp.m. at 4"C for 30 min., is washed with 70% ethanol, resuspended in 50 ijI H2O, and is stored 
at -20'C. 5 jjl of plasmid from the resuspension (-1 00 ng) was transfected In 20 pl of DH10B cells by 
electroporation (400 V, 300 |jF, 4 kQ) in a Cell-Porator apparatus (Life Technologies). After electro- 
poration, cells are transferred to a 14 ml Falcon snap-cap tube with 2 ml SOC and shaken at 37''C for 1 h. 
Enhancement of final kan colony counts is achieved by then adding 3 ml SOC with 10 pg/ml kanamycin 
and the cell suspension is shaken for a further 2 h at 37*C, Cells are then spun down at 3750 x g and the 
pellet is resuspended in 500 pi SOC. 200 pi is added undiluted to each of two kanamycin (50 [iglml) 
agar plates and 200 pi of a 1 0^ dilution is added to an ampicillin (1 00 [iglrrX) plate. After overnight 37**C 
incubation, bacterial colonies are counted using an Accucount 1000 (Biologies). Gene conversion 
effectiveness is measured as the ratio of the average of the kan colonies on both plates per amp colonies 
multiplied by 10"^ to correct for the amp dilution. 
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The following procedure can also be used. 5 |jI of resuspended reaction mixtures (total 
volume 50 pi) are used to transform 20 Ml aliquots of electro-competent DH10B bacteria using a 
Cell-Porator apparatus (Life Technologies). The mixtures are allowed to recover in 1 ml SOC at ^l^C for 
1 hour at which time 50 pg/ml kanamycin or 12 pg/ml tetracycline is added for an additional 3 hours. 
5 Prior to plating, the bacteria are pelleted and resuspended in 200 \^^ of SOC. 1 00 |jI aliquots are plated 
onto kan ortet agar plates and 100 \^\ of a 10'^ dilution of the cultures are concurrently plated on agar 
plates containing 100 [iglml of ampicillin. Plating is performed in triplicate using sterile Pyrex beads. 
Colony counts are determined by an Accu-count 1000 plate reader (Biologies). Each plate contains 200- 
500 ampicillin resistant colonies or 0-500 tetracycline or kanamycin resistant colonies. Resistant colonies 

1 0 are selected for plasmid extraction and DNA sequencing using an ABI Prism kit on an ABI 310 capillary 
sequencer (PE Biosystems). 

Chimeric single-stranded oligonucleotides. In Figure 1 the upper strands of chimeric 
oligonucleotides I and II are separated into pathways resulting in the generation of single-stranded oligo- 
nucleotides that contain (Figure 1 A) 2 -0-methyl RNA nucleotides or (Figure 1 B) phosphorothioate 

1 5 linkages. Fold changes in repair activity for correction of kan^ in the HUH7 cell-free extract are presented 
in parenthesis. Each single-stranded oligonucleotide is 25 bases in length and contains a G residue 
mismatched to the complementary sequence of the kan® gene. 

Molecules bearing 3, 6, 8, 10 and 12 phosphorothioate linkages in the terminal regions at 
each end of a backbone with a total of 24 linkages (25 bases) are tested in the kan^ system. Alternatively, 

20 molecules bearing 2, 4, 5, 7, 9 and 1 1 in the terminal regions at each end are tested. The results of one 
such experiment, presented in Table 1 and Figure IB, illustrate an enhancement of correction activity 
directed by some of these modified structures. In this illustrative example, the most efficient molecules 
contained 3 or 6 phosphorothioate linkages at each end of the 25-mer; the activities are approximately 
equal (molecules IX and X with results of 3.09 and 3.7 respectively). A reduction in alteration activity may 

25 be observed as the number of modified linkages in the molecule is further increased. Interestingly, a 
single-strand niolecule containing 24 phosphorothioate linkages is minimally active suggesting that this 
backbone modification when used throughout the molecule supports only a low level of targeted gene 
repair or alteration. Such a non-altering, completely modified molecule can provide a baseline control for 
determining efficiency of correction for a specific oligonucleotide molecule of known sequence in defining 

30 the optimum oligonucleotide for a particular alteration event. 

The efficiency of gene repair directed by phosphorothioate-modified, single-sti-anded 
molecules, in a length dependent fashion, led us to examine the length of the RNA modification used in 
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the original chimera as it relates to correction. Construct III represents the "RNA-containing" strand of 
chimera I and, as shown in Table 1 and Figure 2A, it promotes inefficient gene repair. But, as shown In 
the same figure, reducing the RNA residues on each end from 1 0 to 3 increases the frequency of repair. 
At equal levels of modification, however, 25-mers with 2'-0-methyl ribonucleotides were less effective 
gene repair agents than the same oligomers with phosphorothioate linkages. These results reinforce the 
fact that an RNA containing oligonucleotide is not as effective in promoting gene repair or alteration as a 
modified DNA oligonucleotide. 

Repair of the kanamycin mutation requires a G-»C exchange. To confirm that the 
specific desired correction alteration was obtained, colonies selected at random fl-om multiple 
experiments are processed and the isolated plasmid DNA is sequenced. As seen in Figure 4, colonies 
generated ttirough the action of the single-sti-anded molecules 3S/25G (IX), 6S/25G (X) and 8S/25G (XI) 
respectively contained plasmid molecules harboring the targeted base correction. While a few colonies 
appeared on plates derived from reaction mixtures containing 25-mers with 10 or 12 thioate linkages on 
both ends, the sequences of the plasmid molecules ft-om these colonies contain nonspecific base 
changes. In these iliusti-ative examples, the second base of the codon is changed (see Figure 3). These 
results show tiiat modified single-sti-ands can direct gene repair, but that efficiency and specificity are 
reduced when the 25-mers contan 10 or more phosphorothioate linkages at each end. 

In Figure 1, the numbers 3, 6, 8, 10, 12 and 12.5 respectively indicate how many 
phosphorotiiioate linkages (S) or 2'-0-methyl RNA nucleotides (R) are at each end of the examplified 
molecule although other molecules with 2, 4, 5, 7, 9 and 1 1 modifications at each end can also be tested. 
Hence oligo 12S/25G represents a 25-mer oligonucleotide which contains 12 phosphorothioate linkages 
on each side of the centi-al G target mismatch base producing a fully phosphorothioate linked backbone, 
displayed as a dotted line. The dots are merely representative of a linkage in the figure and do not depict 
the actual number of linkages of the oligonucleotide. Smooth lines indicate DNA residues, wavy lines 
indicate 2'-0-methyl RNA residues and the carat indicates the mismatched base site (G). 

Correction of a mutar)t kanamycin gene in cultured mammalian cells. Although this 
portion of this example is directed to cultured mammalian cells, comparable methods may be used using 
cultured plant cells or protoplasts of those cells from the plant species disclosed herein. The experiments 
are performed using different eukaryotic cells including plant and mammalian cells, including, for example, 
293 cells (ti-ansformed human primary kidney cells), HeLa cells (human cervical carcinoma), and HI 299 
(human epitiielial carcinoma, non-small cell lung cancer). HeLa cells are grown at 37''C and 5% CO2 in a 
humidified incubator to a density of 2 x 1 0^ cells/ml in an 8 chamber slide (Lab-Tek). After replacing the 
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regular DMEM with Optimem, the cells are co-transfected with 10 \jg of plasmid pAURNeo(-)FIAsH and 
5 |jg of modified single-stranded oligonucleotide (3S/25G) that is previously complexed with 10 MO 
lipofectamine, according to the manufacturer's directions (Life Technologies). The cells are treated with 
the liposome-DNA-oligo mix for 6 hrs at SZ^'C. Treated cells are washed with PBS and fresh DMEM is 
added. After a 1 6-1 8 hr recovery period, the culture is assayed for gene repair. The same 
oligonucleotide used in the cell-free extract experiments is used to target transfected plasmid bearing the 
kan® gene. Correction of the point mutation in this gene eliminates a stop codon and restores full 
expression. This expression can be detected by adding a small non-fluorescent ligand that bound to a 
C-C-R-E-C-C sequence in the genetically modified carboxy terminus of the kan protein, to produce a 
highly fluorescent complex (FIAsH system, Aurora Biosciences Corporation). Following a 60 min 
incubation at room temperature with the ligand (FIAsH-EDT2), cells expressing full length kan product 
acquire an intense green fluorescence detectable by fluorescence microscopy using a fluorescein filter 
set. Similar experiments are performed using the HygeGFP target as described in Example 2 with a 
variety of mammalian cells, including, for example, COS-1 and COS-7 cells (African green monkey), and 
CH0-K1 cells (Chinese hamster ovary). The experiments are also performed with PG12 cells (rat 
pheochromocytoma) and ES cells (human embryonic stem cells). 

Summary of experimental results. Tables 1, 2 and 3 respectively provide data on the 
efficiency of gene repair directed by single-stranded oligonucleotides. Table 1 presents data using a cell- 
free extract from human liver cells (HUH7) to catalyze repair of the point mutation in plasmid pkan®m4021 
(see Figure 1 ). Table 2 illustrates that the oligomers are not dependent on MSH2 or MSH3 for optimal 
gene repair activity. Table 3 illustrates data from the repair of a frameshift mutation (Figure 3) in the tet 
gene contained in plasmid pTetA208. Table 4 illustrates data from repair of the pkan^m4021 point 
mutation catalyzed by plant cell extracts prepared from canoia and musa (banana). Colony numbers are 
presented as kan** or tef and fold increases (single strand versus double hairpin) are presented for kan^ in 
Tablet 

Figure 5A is a confocal picture of HeLa cells expressing the corrected fusion protein from 
an episomal target. Gene repair Is accomplished by the action of a modified single-stranded oligonucleo- 
tide containing 3 phosphorothioate linkages at each end (3S/25G). Figure 5B represents a "Z-series" of 
HeLa cells bearing the corrected fusion gene. This series sections the cells from bottom to top and 
illustrates that the fluorescent signal is "inside the cells". 

Results, In summary, we have designed a novel class of single-stranded 
oligonucleotides with backbone modifications at the termini and demonstrate gene repair/conversion 
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activity in mammalian and plant cell-free extracts. We confirm that the all DNA strand of the RNA-DNA 
double-stranded double hairpin chimera Is the active component in the process of gene repair. In some 
cases, the relative frequency of repair by the. novel oligonucleotides of the invention is elevated 
approximately 3-4-fold in certain embodiments when compared to frequencies directed by chimeric RNA- 

5 DNA double hairpin oligonucleotides. 

This strategy centers around the use of extracts from various sources to correct a 
mutation in a plasmid using a modified single-stranded or a chimeric RNA-DNA double hairpin 
oligonucleotide. A mutation is placed inside the coding region of a gene conferring antibiotic resistance in 
bacteria, here kanamycin or tetracycline. The appearance of resistance is measured by genetic readout 

1 0 in Ecoli grown in the presence of the specified antibiotic. The importance of this system is that both 

phenotypic alteration and genetic inheritance can be measured. Plasmid pK^m4021 contains a mutation 
(T ->G) at residue 4021 rendering it unable to confer antibiotic resistance in £co//. This point mutation is 
targeted for repair by oligonucleotides designed to restore kanamycin resistance. To avoid concerns of 
plasmid contamination skewing the colony counts, the directed correction is from G-^C rather than G->T 

1 5 (wild-type). After isolation, the plasmid is electroporated into the DH1 OB strain of Ecoli, which contains 
inactive RecA protein. The number of kanamycin colonies is counted and normalized by ascertaining the 
number of ampicillin colonies, a process that controls for the influence of electroporation. The number of 
colonies generated from three to five independent reactions was averaged and is presented for each 
experiment A fold increase number is recorded to aid in comparison. 

20 The original RNA-DNA double hairpin chimera design, e.g., as disclosed in U.S. 

Patent 5,565,350, consists of two hybridized regions of a single-stranded oligonucleotide folded into a 
double hairpin configuration. The double-stranded targeting region is made up of a 5 base pair DNA/DNA 
segment bracketed by 10 base pair RNA/DNA segments. The central base pair is mismatched to the 
corresponding base pair in the target gene. When a molecule of this design is used to correct the kan' 

25 mutation, gene repair is observed (I in Figure 1 A). Chimera II (Figure 1 B) differs partly from chimera I in 
that only the DNA strand of the double hairpin is mismatched to the target sequence. When this chimera 
was used to correct the kan^ mutation, it was twice as active. In the same study, repair function could be 
further increased by making the targeting region of the chimera a continuous RNA/DNA hybrid. 

Frame shift mutations are repaired. By using plasmid pPA208, described in Figure 1(C) 

30 and Figure 3, the capacity of the modified single-stranded molecules that showed activity in correcting a 
point mutation, can be tested for repair of a frameshift. To determine efficiency of correction of the 
mutation, a chimeric oligonucleotide (Tet I), which is designed to insert: a T residue at position 208, is 
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used. A modified single-stranded oligonucleotide (Tet IX) directs the insertion of a T residue at this same 
site. Figure 3 illustrates the plasmid and target bases designated for change in the experiments. When 
all reacUon components are present (exfract, plasmid, oligomer), tetracycline resistant colonies appear. 
The colony count increases with the amount of oligonucleotide used up to a point beyond which the count 
falls off (Table 3). No colonies above background are observed in the absence of either extract or 
oligonucleotide, nor when a modified single-stranded molecule bearing perfect complementarity is used. 
Figure 3 represents the sequence surrounding the target site and shows that a T residue is inserted at the 
correct site. We have isolated plasmids from fifteen colonies obtained in three independent experiments 
and each analyzed sequence revealed the same precise nucleotide insertion. These data suggest that 
the single-stranded molecules used initially for point mutation correction can also repair nucleotide 
deletions. 

Comparison of phosphorothioate oligonucleotides to 2''0'methyl substituted 
oligonucleotides. From a comparison of molecules VII and XI, it is apparent that gene repair is more 
subject to inhibition by RNA residues than by phosphorothioate linkages. Thus, even though both of 
these oligonucleotides contain an equal number of modifications to impart nuclease resistance, XI (with 
16 phosphorotiiioate linkages) has good gene repair activity while VII (with 16 2-0-methyl RNA residues) 
is inactive. Hence, the original chimeric double hairpin oligonucleotide enabled correction directed, in 
large part, by the sti'and containing a large region of contiguous DNA residues. 

Oligonucleotides can target multiple nucleotide alterations within the same template. The 
ability of individual single-sto-anded oligonucleotides to correct multiple mutations in a single target 
template is tested using the plasmid pK^m4021 and the following single-stif-anded oligonucleotides 
modified with 3 phosphorothioate linkages at each end (indicated as underlined nucleotides): Otigol is a 
25-mer with the sequence TTCGATAAGCCTATGCTGACCC GTG corrects the original mutation present 
in the kanamycin resistance gene of pK^m4021 as well as directing another alteration 2 basepairs away in 
the target sequence (both indicated in boldface); Oligo2 is a 70-mer with the 5'-end sequence 
TTCGGCTACGACTGGGCACAACAGACAATTGGC with the remaining nucleotides being completely 
complementary to tiie kanamycin resistance gene and also ending in 3 phosphorothioate linkages at the 
3' end. Oligo2 directs correction of the mutation in pK^m4021 as well as directing another alteration 21 
basepairs away in the target sequence (both indicated in boldface). 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pK^M4021 plasmid. These include, for example, a second 25-mer that 
alters two nucleotides that are three nucleotides apart with the sequence 5'- 
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TTGTGCCCAGTCGTATCCGAATAGC-3'; a 70-mer that alters two nucleotides that are 21 nucleotides 
apart with the sequence 5-CATCAGAGCAGCCAATTGTCTGTTGTGCCCAGTCGTAGCCGAA 
TAGCCTCTCCACCCAAGCGGCCGGAGA-3*; and another 70-mer that alters two nucleotides that are 21 
nucleotides apart with the sequence 6 - 
5 GCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCMTTGTCTGTTGTGCCCAGTCGTAGCC 
AGCCT-3'. The nucleotides in the oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same way as the other 
oligonucleotides of the invention. 

We assay correction of the original mutation in pK^m4021 by monitoring kanamycin 

1 0 . resistance (the second alterations which are directed by Oligo2 and OligoS are silent with respect to the 
kanamycin resistance phenotype). In addition, in experiments with Oligo2, we also monitor cleavage of 
the resulting plasmids using the restriction enzyme TspSOQI which cuts at a specific site present only 
when the second alteration has occurred (at ATT in Oligo2). We then sequence these clones to 
determine whether the additional, silent alteration has also been introduced. The results of an analysis 

1 5 are presented below: 





Oligol (25-mer) 


Oligo2 (70-mer) 


Clones with both sites changed 


9 


7 


Clones with a single site changed 


0 


2 


Clones that were not changed 


4 


1 



Nuclease sensitivity of unmodified DNA oligonucleotide. Electrophoretic analysis of 
20 nucleic acid recovered from the cell-free extract reactions conducted here confirm that the unmodified 
single-stranded 25-mer did not survive incubation whereas greater than 90% of the terminally modified 
oligos did survive (as judged by photo-image analyses of agarose gels). 

Plant extracts direct repair The modified single-stranded constructs can be tested in 
plant cell extracts. We have observed gene alteration using extracts from multiple plant sources, 
25 including, for example, Arabidopsis, tobacco, banana, maize, soybean, canola, wheat, spinach as well as 
spinach chloroplast extract or extracts made from other plant cells disclosed herein. We prepare the 
extracts by grinding plant tissue or cultured cells under liquid nitrogen with a mortar and pestle. We 
extract 3 ml of the ground plant tissue with 1.5 ml of extraction buffer (20 mM HEPES, pH7.5; 5 mM KCI; 
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1.5 mM MgCIsi 10 mM DTT; and 10% [v/v] glycerol). Some plant cell-free extracts also include about 1% 
(w/v) PVP. We then homogenize the samples with 15 strokes of a Dounce homogenizer. Following 
homogenization, we incubate the samples on ice for 1 hour and centrifuge at 3000 x g for 5 minutes to 
remove plant cell debris. We then determine the protein concentration in the supernatants (extracts) by 
5 Bradford assay. We dispense 100 |jg (protein) aliquots of the extracts which we freeze in a dry ice- 
ethanol bath and store at -80"C. 

We describe experiments using two sources here: a dicot (canola) and a monocot 
(banana, Musa acuminata cv. Rasthali). Each vector directs gene repair of the kanamycin mutation 
(Table 4); however, the level of correction is elevated 2-3 fold relative to the frequency observed with the 
1 0 chimeric oligonucleotide. These results are similar to those observed in the mammalian system wherein 
a significant improvement in gene repair occurred when modified single-stranded molecules were used. 

Tables are attached hereto. 
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Table I 



Gene repair activity is i 

OHeonucleotide PlasmiH Extract rup-> W colonies 



I 
I 

n 
n 
m 
m 

IV 
IV 
V 
V 
VI 
VI 

vn 
vn 
vm 
vm 

DC 
DC 
X 
X 
XI 
XI 

xn 
xn 
xm 
xm 

I 



pK^m4021 



Fold increase 



10 


300 




20 


418 


l.Ox 


10 


537 




20 


748 


1.78x 


10 


3 




20 


5 


0.01X 


10 


112 




20 


96 


0^ 


10 


217 




20 


342 


0.81X 


10 


6 




20 


39 


0.093X 


10 


0 




20 


0 


Ox 


10 


3 




20 


5 


0.01X 


10 


936 




20 


1295 


3.09X 


10 


1140 




20 


1588 


3.7x 


10 


480 




20 


681 


1.6x 


10 


18 




20 


25 


0.0S9X 


10 


0 




20 


4 


0.009X 


20 


0 






0 





Plasmid pK'm4021 (l^g), the indicated oligonucleotide (1.5 chimeric oligonucleotide 
or 0,55 fig single-stranded oligonucleotide; molar ratio of oligo to plasmid of 360 to 1) 
and either 10 or 20 ng of HUH7 cell-free extract were incubated 45 min at 3r*C. Isolated 
plasmid DNA was electroporated into £. coli (strain DHIOB) and the number of kan^ 
colonies counted. The data represent the number of kanamycin resistant colonies per 10^ 
ampicillin resistant colonies generated from the same reaction and is the average of three 
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experiments (standard deviation usually less than +/- 15%). Fold increase is defined 
relative to 418 kan*^ colonies (second reaction) and id all reactions was calculated using 
the 20^g sample. 
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Table n 



Modified single-stranded oilmen are not dependent on MSH2 orMSH3for optimal 

gene rqtair activity. 



A. Oligonucleotide Plasmid 



Extract 



kan*^ colonies 



IX (3S/25G) 

X (6S/25G) 
DC 

X 

DC 

X 

DC 

X 



HUH7 
HUH7 
MEF2-' 



MEF2^- 
MEF3-'- 
MEFS"'' 
MEF^ 
MEF*'* 

meft'- 

MEF3-'- 
MEF*^ 



637 

836 

781 

676 

S82 

530 

332 

497 

10 

5 

14 



Chimaic oligonucleotide (1.5 |Ag) or modified single-stranded oligonucleotide (0.55 ^g) 
was incubated wilb l^g of plasmid pK'm4021 and 20|Lig of the indicated extracts. MEF 
represents mouse embryonic fibroblasts with either MSH2 (2*^*) or MSH3 (3'^') deleted. 
MEF*^ indicates wild-type mouse embryonic fibroblasts. The other reaction conqKments 
were then added and processed through the bacterial readout system. The data rqiresent the 
number of kanamycin resistant colonies per 10^ ampicillin resistant colonies. 
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Table m 



Frameshifi mutation repair is directed by single-strand^ oligonucleotides 



Oligonucleotide Plasmid 



Extract 



tef colonies 



Tet DC (3S/25A; 0.5 ng) prA208 (Ifig) 



0 
0 

48 
130 
68 
48 



20^g 



TetIX(0.5^g) 
Tet DC (1.5 ng) 
Tet DC (2.0 ng) 



Tet I (chimera; 1.5 ^g) 



Each reaction mixture contained the indicated amounts of plasmid and oligonucleotide. 
The extract used for diese experiments came team HUH7 cdls. The data represent die 
number of tetracycline resistant colonies per 10^ ampicillin resistant colonies generated 
from the same reaction and is the average of 3 independent expoiments. Tet I is a 
chimeric oligonucleotide and Tet DC is a modified single-stranded oligonucleotide that 
are designed to insert a T residue at position 208 of pT*A208. These oligonucleotides are 
equivalent to structures I and DC in Figure 2. 
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Table IV 

Plant cell-free, extracts support gene repair by single-stranded oligonucleotides 



Oligonucleotide 



Plasmid 



Extract 


kan^ colonies 


30|xg Canola 


337 


Canola 


763 


Canola 


882 


Musa 


203 


Musa 


343 


Musa 


746 


Canola 


0 


Musa 


0 


- Canola 


0 


- Musa 


0 



II (chimera) 
EX (3S/25G) 
X(6S/25G) 

n 

K 
X 



DC 
X 



pKW021 



Canola or Musa cell-fiee extracts were tested for gene repmr activity on the kanamycin- 
sensitive gene as previously described in (18). Chimeric oligonucleotide n (1.S |ig) and 
modified single-stranded oligonucleotides DC and X (0.5S^g) were used to correct 
pK^ib4021 . Total number of kan' colonies are present per 10^ ampicillin resistant 
colonies and represent an average of four independent experiments. 
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EXAMPLE 2 
Yeast Cell Targeting Assay Method for Base 
Alteration and Preferred Oligonucleotide Selection 

In this example, single-stranded oligonucleotides with modified backbones and double- 

5 hairpin oligonucleotides with chimeric, RNA-DNA backbones are used to measure gene repair using two 
episomal targets with a fusion between a hygromycin resistance gene and eGFP as a target for gene 
repair. These plasmids are pAURHYG(rep)GFP, which contains a point mutation in the hygromycin 
resistance gene (Figure 7), pAURHYG(ins)GFP, which contains a single-base insertion in the hygromycin 
resistance gene (Figure 7) and pAURHYG(A)GFP which has a single base deletion. We also use the 

1 0 plasmid containing a wild-type copy of the hygromycin-eGFP fusion gene, designated 

pAURHYG(wt)GFP, as a control. These plasmids also contain an aureobasidinA resistance gene. In 
pAURHYG(rep)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when a G at position 137, at codon 46 of the hygromycin B coding sequence, is converted to 
a C thus removing a premature stop codon in the hygromycin resistance gene coding region. In 

1 5 pAURHYG(ins)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when an A inserted between nucleotide positions 136 and 137, at codon 46 of the 
hygromycin B coding sequence, is deleted and a C is substituted for the T at position 137, thus correcting 
a frameshift mutation and restoring the reading frame of the hygromycin-eGFP fusion gene. 

We synthesize the set of three yeast expression constructs pAURHYG(rep)eGFP, 

20 pAURHYG(A)eGFP, pAURHYG(ins)eGFP, that contain a point mutation at nucleotide 137 of the 

hygromycin-B coding sequence as follows, (rep) indicates a T1 37->G replacement, (A) represents a 
deletion of the G137 and (ins) represents an A insertion between nucleotides 136 and 137. We construct 
this set of plasmids by excising the respective expression cassettes by restriction digest from 
pHyg(x)EGFP and ligation into pAUR123 (Panvera, CA). We digest 10 \^g pAUR123 vector DNA, as well 

25 as, 10 ijg of each pHyg(x)EGFP construct with Kpnl and Sail (NEB). We gel purify each of the DNA 

fragments and prepare them for enzymatic ligation. We ligate each mutated insert into pHygEGFP vector 
at 3:1 molar ratio using T4 DNA ligase (Roche). We screen. clones by restriction digest, confirm by 
Sanger dideoxy chain termination sequencing and purify using a Qiagen maxiprep kit. 

We use this system to assay the ability of five oligonucleotides (shown in Figure 8) to 

30 support correction under a variety of conditions. The oligonucleotides which direct correction of the 

mutation in pAURHYG(rep)GFP can also direct correction of the mutation in pAURHYG(ins)GFP, Three 
of the four oligonucleotides (HygE3T/25, HygE3T/74 and HygGG/Rev) share the same 25-base sequence 
surrounding the base targeted for alteration. HygGG/Rev is an RNA-DNA chimeric double hairpin 
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oligonucleotide of the type described in the prior art. One of these oligonucleotides, HygE3T/74, is a 74- 
base oligonucleotide with the 25-base sequence centrally positioned. The fourth oligonucleotide, 
designated HygE3T/74a, is the reverse complement of HygE3T/74. The fifth oligonucleotide, designated 
Kan70T, is a non-specific, control oligonucleotide which is not complementary to the target sequence. 
5 Alternatively, an oligonucleotide of identical sequence but lacking a mismatch to the target or a completely 
thloate modified oligonucleotide or a completely 2-0-methylated modified oligonucleotide may be used as 
a control. Alternatively, oligonucleotides containing one, two, three, four, five, six, eight, ten or more LNA 
modifications on at least one of the two termini (and preferrably the 3' terminus) may be used in different 
embodiments. 

1 0 Oligonucleotide synthesis and cells. We synthesized and purified the chimeric, double- 

hairpin oligonucleotides and single-stranded oligonucleotides (including those with the indicated 
modifications) as described in Example 1 . Plasmids used for assay were maintained stably in yeast 
{Saccharomyces cerevisiae) strain LSY678 /WATaat low copy number under aureobasidin selection. 
Plasmids and oligonucleotides are introduced into yeast cells by electroporation as follows: to prepare 

1 5 electrocompetent yeast cells, we inoculate 1 0 ml of YPD media from a single colony and grow the 
cultures overnight with shaking at 300 rpm at 30"C, We then add 30 ml of fresh YPD media to the 
overnight cultures and continue shaking at 30X until the ODgoo was between 0.5 and 1.0 (3-5 hours). We 
then wash the cells by centrifuging at 4*^0 at 3000 rpm for 5 minutes and twice resuspending the cells in 
25 ml ice-cold distilled water. We then centrifuge at 4X at 3000 rpm for 5 minutes and resuspend in 1 ml 

20 ice-cold 1 M sorbitol and then finally centrifuge the cells at 4X at 5000 rpm for 5 minutes and resuspend 
the cells in 120 |jMM sorbitol. To transform electrocompetent cells with plasmids or oligonucleotides, we 
mix 40 Ml of cells with 5 |jg of nucleic acid, unless otherwise stated, and incubate on ice for 5 minutes. 
We then transfer the mixture to a 0.2 cm electroporation cuvette and electroporate with a BIO-RAD Gene 
Pulser apparatus at 1.5 kV, 25 200 CI for one five-second pulse. We then immediately resuspend the 

25 cells in 1 ml YPD supplemented with 1M sorbitol and incubate the cultures at 30''C with shaking at 300 
rpm for 6 hours. We then spread 200 |jl of this culture on selective plates containing 300 jjg/ml 
hygromycin and spread 200 |j1 of a 10^ dilution of this culture on selective plates containing 500 ng/ml 
aureobasidinA and/or and incubate at 30°C for 3 days to allow individual yeast colonies to grow. We then 
count the colonies on the plates and calculate the gene conversion efficiency by determining the number 

30 of hygromycin resistance colonies per 1 0^ aureobasidinA resistant colonies. 

Frameshift mutations are repaired in yeast cells. We test the ability of the 
oligonucleotides shown in Figure 8 to correct a frameshift mutation in vivo using LSY678 yeast cells 
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containing the plasmid pAURHYG(ins)GFP. These experiments, presented in Table 6, indicate that these 
oligonucleotides can support gene correction in yeast cells. These data reinforce the results described in 
Example 1 indicating that oligonucleotides comprising phosphorothioate linkages facilitate gene correction 
much more efficiently than control duplex, chimeric RNA-DNA oligonucleotides. This gene correction 
activity is also specific as transformation of cells with the control oligonucleotide KanZOT produced no 
hygromycin resistant colonies above background and thus Kan70T did not support gene correction in this 
system. In addition, we observe that the 74-base oligonucleotide (HygE3T/74) corrects the mutation in 
pAURHYG(ins)GFP approximately five-fold more efficiently than the 25-base oligonucleotide 
(HygE3T/25). We also perform control experiments with LSY678 yeast cells containing the plasmid 
pAURHYG(wt)GFP. With this strain we observed that even without added oligonucleotides, there are too 
many hygromycin resistant colonies to count 

We also use additional oligonucleotides to assay the ability of Individual oligonucleotides 
to correct multiple mutations in the pAURHYG(x)eGFP plasmid. These include, for example, one that 
alters two basepairs that are 3 nucleotides apart is a 74-mer with the sequence 5 - 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGGTACGTCCTGCGGGTAAATAGCTGCGCCGATG 
GTTTCTAC-3'; a 74-mer that alters two basepairs that are 15 nucleotides apart with the sequence 5 - 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAACAGCTGCGCCGATG 
GTTTCTAC-3'; and a 74-mer that alters two basepairs that are 27 nucleotides apart with the sequence 5 - 
CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAATAGCTGCGCCGACG 
GTTTCTAC. The nucleotides in these oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same ways as the other 
oligonucleotides of the invention. 

Oligonucleotides targeting the sense strand direct gene correction more eWciently. We 
compare the ability of single-stranded oligonucleotides to target each of the two strands of the target 
sequence of both pAURHYG(ins)GFP and pAURHYG{rep)GFP. These experiments, presented in Tables 
7 and 8, indicate that an oligonucleotide, HygE3T/74a, with sequence complementary to the sense 
strand (i.e. the strand of the target sequence that is identical to the mRNA) of the target sequence 
facilitates gene correction approximately ten-fold more efficiently than an oligonucleotide, HygE3T/74, 
with sequence complementary to the non-transcribed strand which serves as the template for the 
synthesis of RNA. As indicated in Table 7, this effect was observed over a range of oligonucleotide 
concentrations from 0-3.6 jjg, although we did observe some variability in the difference between the two 
oligonucleotides (indicated in Table 7 as a fold difference between HygE3T/74a and HygE3T/74). 
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Furthermore, as shown in Table 8, we observe increased efficiency of correction by HygE3T/74a relative 
to HygE3T/74 regardless of whether the oligonucleotides were used to correct the base substitution 
mutation in pAURHYG(rep)GFP or the insertion mutation in pAURHYG{ins)GFP. The data presented in 
Table 8 further indicate that the single-stranded oligonucleotides correct a base substitution mutation 
more efficiently than an insertion mutation. However, this last effect was much less pronounced and the 
oligonucleotides of the Invention are clearly able efficiently to correct both types of mutations in yeast 
cells. In addition, the role of transcription Is Investigated using plasmids with inducible promoters such as 
that described in Figure 10. 

Optimization of oligonucleotide concentration. To determine the optimal concentration of 
oligonucleotide for the purpose of gene alteration, we test the ability of increasing concentrations of 
Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP contained in yeast LSY678. We chose this 
assay system because our previous experiments indicated that it supports the highest level of correction. 
However, this same approach could be used to determine the optimal concentration of any given 
oligonucleotide. We test the ability of Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP 
contained in yeast LSY678 over a range of oligonucleotide concentrations from 0-10.0 mQ- As shown In 
Table 9, we observe that the correction efficiency initially increases with increasing oligonucleotide 
concentration, but then declines at the highest concentration tested. 

Tables are attached hereto. 
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Table 6 

Correction of an insertion mutation in pAURHYG(ins)GFP by HygGG/Rev, HygE3T/25 and HygE3T/74 



Oligonucleotide Tested 


Colonies on 


Colonies on 


Correction 




Hygromycin 


Aureobasidin (/10^) 


Efficiency 


HygGG/Rev 


3 


157 


0.02 


HygE3T/25 


64 


147 


0.44 


HygE3T/74 


280 


174 


1.61 


Kan70T 


0 







Table 7 

An oligonucleotide targeting tiie sense strand of the target sequence conects more efficientiy. 



Amount of Oligonucleotide (|jg) 


Colonies per hygromycin plate 




HygE3T/74 


HygE3T/74a 


0 


0 


0 


0.6 


24 


128(8.4x)* 


1.2 


69 


140 (7.5x)* 


2.4 


62 


167 (3.8x)* 


3.6 


29 


367 (15xr 



* The numbers in parentheses represent the fold increase in efficiency for targeting the non-transcribed 
strand as compared to the other strand of a DNA duplex that encodes a protein. 
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Table 8 

Correction of a base substitution mutation is more efficient than correction of a frame sliift mutation. 



Oligonucleotide Tested (5 |jg) 


Plasmid tested (contained in LSY678) 




pAURHYG(ins)GFP 


pAURHYG{rep)GFP 


HygE3T/74 


72 


277 


HygE3T/74a 


1464 


2248 


Kan70T 


0 


0 



Table 9 

Optimization of oligonucleotide concentration in electroporated yeast cells. 



Amount {|jg) 


Colonies on 
hygromycin 


Colonies on 
aureobasidin (/10^) 


Correction efficiency 


0 


0 


67 


0 


1.0 


5 


64 


0.08 


2.5 


47 


30 


1.57 


5.0 


199 


33 


6.08 


7.5 


383 


39 


9.79 


10.0 


191 


33 


5.79 



Example 3 
Cultured Cell Manipulation 

Although disclosure in this example is directed to use of stem cells or human blood cells 
and microinjection, the microinjection procedures may also be used with cultured plant cells or protoplasts 
using any plant species, including those disclosed herein. Mononuclear cells are isolated from human 
umbilical cord blood of normal donors using Ficoll Hypaque (Pharmacia Biotech, Uppsala, Sweden) 
density centrifugation. CD34+ cells are immunomagnetically purified from mononuclear cells using either 
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the progenitor or Multisort Kits (Miltenyi Biotec, Auburn, CA). Lin"CD38" cells are purified from the 
mononuclear cells using negative selection with StemSep system according to the manufacturer's 
protocol (Stem Cell Technologies, Vancouver, CA). Cells used for microinjection are either freshly 
isolated or cryopreserved and cultured in Stem Medium (S Medium) for 2 to 5 days prior to microinjection. 

5 S Medium contains Iscoves' Modified Dulbecco's Medium without phenol red (IMDM) with 1 00 [iglml 

glutamine/penicillin/streptomycin, 50 mg/ml bovine serum albumin, 50 [^Qlvn\ bovine pancreatic insulin, 1 
mg/ml human transferrin, and IMDM; Stem Cell Technologies), 40 |jg/ml low-density lipoprotein (LDL; 
Sigma, St Louis, MO), 50 mM HEPEs buffer and 50 |jM 2-mercaptoethanol, 20 ng/ml each of 
thrombopoietin, flt-3 ligand, stem cell factor and human IL-6 (Pepro Tech Inc., Rocky Hill, NJ). After 

10 microinjection, cells are detached and transferred in bulk into wells of 48 well plates for culturing. 

35 mm dishes are coated overnight at 4** C with 50 pg/ml Fibronectin (FN) fragment CH- 
296 (Retronectin; TaKaRa Biomedicals, Panvera, Madison, Wl) in phosphate buffered saline and washed 
with IMDM containing glutamine/penicillin/streptomycin. 300 to 2000 cells are added to cloning rings and 
attached to the plates for 45 minutes at 37** C prior to microinjection. After incubation, cloning rings are 

15 removed and 2 ml of S Medium are added to each dish for microinjection. Pulled injection needles with a 
range of 0.22 |jm to 0.3 jjm outer tip diameter are used. Cells are visualized with a microscope equipped 
with a temperature controlled stage set at 37** C and Injected using an electronically interfaced Eppendorf 
Micromanipulator and Transjector. Successfully injected cells are intact, alive and remain attached to the 
plate post injection. Molecules that are flourescently labeled allow determination of the amount of 

20 oligonucleotide delivered to the cells. 

For in vitro erythropoiesis from LinXDSS" cells, the procedure of Malik, 1 998 can be 
used. Cells are cultured in ME Medium for 4 days and then cultured in E Medium for 3 weeks. 
Erythropoiesis is evident by glycophorin A expression as well as the presence of red color representing 
the presence of hemoglobin in the cultured cells. The injected cells are able to retain their proliferative 

25 capacity and the ability to generate myeloid and erythoid progeny. CD34+ cells can convert a normal A 
{^^) to sickle T (P®) mutation in the P-globin gene or can be altered using any of the oligonucleotides of 
the invention herein for correction or alteration of a normal gene to a mutant gene. Alternatively, stem 
cells can be isolated from blood of humans having genetic disease mutations and the oligonucleotides of 
the invention can be used to correct a defect or to modify genomes within those cells. 

30 Alternatively, non-stem cell populations of cultured cells can be manipulated using any 

method known to those of skill in ttie art including, for example, the use of polycations, cationic lipids. 
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liposomes, polyethylenimine (PEI), electroporation, biolistics, calcium phosphate precipitation, or any 
other method known in the art. 

Biolistic delivery of oligonucleotide into plant cells may be accomplished according to the 
following method. One milliliter of packed cell volume of plant cell suspensions are subcultured onto 
plates containing solid medium [with Murashige and Skoog salts from Gibco/BRL, 500 mg/liter Mes, 1 
mg/liter thiamin, 100 mg/ijter myo-inositol, 180 mg/liter KH2P04, 2.21 mg/liter 2,4-dichlorophenoxyacetic 
acid (2,4-D), and 30 g/liter sucrose (pH 5.7) and having 8 g/liter agar-agar from Sigma added before 
autoclaving]. By using a helium-driven particle gun such as that from BioRad and following manufacturers 
directions, oligonucleotides may be introduced to cells after precipitation onto 1 micrometer or 
comparable gold microcarriers (Bio-Rad). To precipitate onto microcarriers, 35 microliters of a particle 
suspension (60 mg of microcarriers per ml of 1 00% ethanol) is transferred to a 1 .5 ml microcentrifuge 
tube, which is agitated on a vortex mixer. Then 40 microliter of resuspended oligonucleotide (60 
ng/microliter water) is added; then 75 microliter of ice-cold 2.5 M CaCI2 is added; then 75 microliter of ice- 
cold 0.1 M spermidine is added. The tube is mixed vigorously or a vortex mixer for 10 min at room 
temperature. The particles are allowed to settle for 1 0 min and are centrifuged at 1 1 ,750 g for 30 sec. 
The supernatant is removed and the particles are resuspended in 50 microliter of 100% ethanol. An 
aliquot of 10 microliter of the resuspended particles are applied to each macro-projectile which is used to 
bombard each plate once at 900 psi (1 psi = 6.89 kPa) with a gap distance (distance from power source 
to macroprojectile) of 1 cm and a target distance (distance from microprojectile launch site to target 
material) of 10 cm. 

An alternative method of delivery can be used as follows. Cultured cells are suspended in liquid 
N6 medium and then plated on a VWR Scientific glass fiber filter. About 0.4 microgram of oligonucleotide 
are precipitated with 15 microliter of 2.5 mM CaCI2 and 5 microliter of 0.1 M spermidine onto 25 
microgram of 10 micrometer gold particles. Microprojectile bombardment is performed by using a Bio- 
Rad PDS-1000 He particle delivery system or comparable machine following manufacturers instructions. 
Alterations in oligonucleotide concentrations can be employed to determine the optimum concentration of 
oligonucleotide according to the procedures described herein for any particular oligonucleotide of the 
invention. 

Alternatively, the oligonucleotide of the invention may be delivered to a plant cell by 
electroporation of a protoplast derived from a plant part. The protoplasts may be formed by enzymatic 
treatment of a plant part, particularly a leaf, according to techniques such as those in Gallois et al.. 
Methods in Molecular Biology 55: 89-107 by Humana Press. Such conditions for electroporation use 
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about 3x10^ protoplasts in a total volume of about 0.3 ml with a concentration of oligonucleotide of 
between 0.6 to 4 microgram per ml. 

EXAMPLE 4 
Plant Cells 

The oligonucleotides of the invention can also be used to repair or direct a mutagenic 
event in plants and animal cells. Although little information is available on plant mutations amongst 
natural cultivars, the oligonucleotides of the invention can be used to produce "knock out" mutations by 
modification of specific amino acid codons to produce stop codons (e.g., a CAA codon specifying Gin can 
be modified at a specific site to TAA; a AAG codon specifying Lys can be modified to UAG at a specific 
site; and a CGA codon for Arg can be modified to a UGA codon at a specific site). Such base pair 
changes will terminate the reading frame and produce a defective truncated protein, shortened at the site 
of the stop codon 

. Alternatively, frameshift additions or deletions can be directed into the genome at a specific sequence to 
interrupt the reading frame and produce a garbled downstream protein. Such stop or frameshift mutations 
can be introduced to determine the effect of knocking out the protein in either plant or animal cells. 

For introduction of a T-DNA, including the T-DNA in the plasmid of Figure 11, Into a plant 
cell, Agrobacterium tumefaciens is used. These techniques are routine standard techniques known in the 
art. For example, one method follows. We transform A tumefaciens is transformed by electroporation 
(using a BioRad Gene Pulser™). Competent A tumefaciens is prepared using a method similar to that of 
preparing competent E. coli by suspending a freshly grown culture three times in ice-cold water and a 
final resuspension in 10% glycerol. Electroporation conditions are a 0.2 cm gap cuvette at a setting of 25 
MF, 200 Q and 2.5 kV. 

A tumefaciens containing a plasmid with a T-DNA is then used to introduce the T-DNA 
into a plant cell using routine standard techniques known in the art For example, we transform 
Arabidopsis by vacuum infiltration or by dipping flowers in an Agrobacterium solution containing a 
surfactant, e.g. L-77. Seeds are then collected, grown and screened for presence of the T-DNA. 
Alternatively, Agrobacterium can be used to transform callus tissue and the callus tissue can then be 
used to regenerate transformed plants. 

All publications and patent applications cited in this specification are herein incorporated . 
by reference as if each individual publication or patent application were specifically and individually 
indicated to be incorporated by reference. Although the foregoing invention has been described in some 
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detail by way of illustration and example for purposes of clarity of understanding, it will be readily apparent 
to those of ordinary skill in the art in light of the teachings of this invention that certain changes and 
modifications may be made thereto without departing from the spirit or scope of the appended claims. 

5 Notes on the tables presented below: 

Each of the following tables presents, for the specified gene, a plurality of mutations that 
are known to confer a relevant phenotype and, for each mutation, the oligonucleotides that can be used to 
correct the respective mutation site-specifically in the genome according to the present invention. 

The left-most column identifies each alteration or mutation and the phenotype that the 
1 0 alteration/mutation confers. 

For most entries, the mutation/alteration is identified at both the nucleic acid and protein 
leveL At the amino acid level, mutations are presented according to the following standard nomenclature. 
The centered number identifies the position of the mutated codon in the protein sequence; to the left of the 
number is the wild type residue and to the right of the number is the mutant codon. Terminator codons 
1 5 are shown as "TERM". At the nucleic acid level, the entire triplet of the wild type and mutated codons is 
shown. 

The middle column presents, for each mutation, four oligonucleotides capable of 
repairing the mutation site-specifically in the genome or in cloned DNA including DNA in artificial 
chromosomes, episomes, plasmids, or other types of vectors. The oligonucleotides of the invention, 

20 however, may include any of the oligonucleotides sharing portions of the sequence of the 1 21 base 

sequence. Thus, oligonucleotides of the invention for each of the depicted targets may be 18, 19, 20 up 
to about 121 nucleotides in length. Sequence may be added non-symmetrically. 

All oligonucleotides are presented, per convention, in the 5' to 3' orientation. The 
nucleotide that effects the change in the genome is underiined and presented in bold. 

25 The first of the four oligonucleotides for each mutation is a 1 21 nt oligonucleotide 

centered about the repair/altering nucleotide. The second oligonucleotide, its reverse complement, 
targets the opposite strand of the DNA duplex for repair/alteration. The third oligonucleotide is the 
minimal 17 nt domain of the first oligonucleotide, also centered about the repair/alteration nucleotide. The 
fourth oligonucleotide is the reverse complement of the third, and thus represents the minimal 17 nt 

30 domain of the second. 

The third column of each table presents the SEQ ID NO: of the respective repair 

oligonucleotide. 
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Example 5 
En gineering herbicide resistant plants 

Chemical weed control is an important tool of modern agriculture and many herbicides have 
been developed for this purpose. Their use has resulted in substantial increases in the yields of many 
crops, including, for example, maize, soybeans, and cotton. Thus while the use of fertilizers and new 
high-yielding crop varieties have contributed greatly to the "green revolution," chemical weed control has 
also been atthe forefront of technological achievement 

Herbicides having broad-spectrum activity are particularly useful because they obviate the 
need for multiple herbicides targeting different classes of weeds. The problem with such herbicides is that 
they typically also affect crops which are exposed to the herbicide. One way to overcome this is to generate 
plants which are resistant to one or more broad-spectrum herbicides. Such herbicide-tolerant plants may 
reduce the need for tillage to control weeds, thereby effectively reducing soil erosion and can reduce the 
quantity and number of different herbicides applied in the field. 

Common herbicides used, for example, include those that inhibit the enzyme 
5-enolpyruvyl-3-phosphoshikimic acid synthase (EPSPS), for example N-phosphonomethyl-glycine (e.g. 
glyphosate), those that inhibit acetolactate synthase (ALS) activity, for example the sulfonylureas and 
related herbicides, and those that inhibit dihydropteroate synthase, for example methyl[(4-amino- 
phenyl)sulfonyl]carbamate (e.g. Asulam). Herbicide-tolerant plants can be produced by several methods, 
including, for example, introducing into the genome of the plant the ability to degrade the herbicide, the 
capacity to produce a higher level of the targeted enzyme, and/or expressing an herbicide-tolerant allele of 
the enzyme. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
used to generate site-specific mutations in plant genes that confer herbicide resistance. 
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Table 10 

Genome-Altering Oliqos Conferritiq Glyohosate Resistance 



5 


Pljenotjrpe, Gene, 
Targeted 
Alteration 


HiiiMiiliilMiiliiliiliiiiPIK 

AltenngOligos 


SEQID 
MO; 




Glyphosate Resistance / 
EPSPS 


^AGCGTCGGAGATTGTACTTCAACCCATTAGAGAAATCTCCGGTC 
rTATTAAGCTTCCTGCCTCCAAGTCTCTATCAAATCGGATCCTGC 


4341 




Arabidopsis thaliana 


rrCTCGCTGCTCTGTCTGAGGTATATATCAC 




10 


Gly97Ala ( 
GGC-GCC 

( 


3TGATATATACCTCAGACAGAGCAGCGAGAAGCAGGATCCGATT 
rGATAGAGACTTGGAGGCAGGAAGCTTAATAAGACCGGAGATTT 
3TCTAATGGGTTGAAGTACAATCTCCGACGCTT 


4342 




( 


aCTTCCTGjCCTCCAAGT 


4343 




i 


(\CTTGGAGGCAGGAAGC 


4344 




Glyphosate Resistance j 
EPSPS 


V\GCTTCAGAGATTGTGCTTCAACCAATCAGAGAAATCTCGGGTC 
rCATTAAGCTACCCGCATCCAAATCTCTCTCCAATCGGATCCTCC 


4345 




Brassica napus 


rrCTTGCCGCTCTATCTGAGGTACATATACT 




15 


Gly93Ala i 
GGA-GCA ( 

- ( 


^GTATATGTACCTCAGATAGAGCGGCAAGAAGGAGGATCCGATT 
3GAGAGAGAI 1 1 GGATGCGGGTAGCTTAATGAGACCCGAGATTT 
3TCTGATTGGTTGAAGCACAATCTCTGAAGCTT 


4346 












i 


MTTGGATGCGGGTAGC 


4348 




Glyphosate Resistance i 
EPSPS 1 ' , i 


/\GCCCAACGAGATTGTGCTGCAACCCATCAAAGATATATCAGGC 
^CTGTTAAATTGCCTGCTTCTAAATCCCTTTCCAATCGTATTCTCC 


4349 




Nicotians tabacum 


rrCTTGCTGCCCTTTCTAAGGGAAGGACTGT 




20 


Gly95Ala 
GGT-GCT 


^CAGTCCTTCCCTTAGAAAGGGCAGCAAGAAGGAGAATACGATT 

GGAAAGGGATTTAGAAGCAGGCAATTTAACAGTGCCTGATATATC 

rTTGATGGGTTGCAGCACAATCTCGTTGGGCT 


4350 




i 


ATT/^rT'T/^f TTr'T A A AT 


*rOO 1 






MTTAGAA6CAGGCAAT 


4352 




Glyphosate Resistance - 
EPSPS 2 


M IGI 1 ICCI rGGTACGAAATGTCCTCCTGTTCGAATTGTCAGCA 
AGGGAGGCCTTCCCGCAGGGAAGGTAAAGCTCTCTGGATCAATT 


4353 




Nicotiana tabacum , 


^GCAGCCAGTACTTGACTGCTCTGCTTATGGC 




25 


Gly62Ala 
GGA-GCA 


GCCATAAGCAGAGCAGTCAAGTACTGGCTGCTAATTGATCCAGA 
GAGCI 1 lACCTTCCCTGCGGGAAGGCCTCCCTTGCTGACAATTC 
GAACAGGAGGACATTTCGTACCAAGGAAACAAT 


4354 






CCTTCCCGCAGGGAAGG 


4355 






CCTTCCCTGCGGGAAGG 


4356 




Glyphosate Resistance i 
EPSPS 


ATTGTTTCCTTGGCACTGACTGCCCACCTGTTCGTGTCAATGGAA 
TCGGAGGGCTACCTGCTGGCAAGGTCAAGCTGTCTGGCTCCATC 


4357 




Zee mays 


AGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 




30 


Gly168Ala 
GGT-GCT 


GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAGCCAGA 
CAGCTTGACCTTGCCAGCAGGTAGCCCTCCGATTCCATTGACAC 
GAACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 


4358 
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SFd in 

NO: 




- f. ' , : ■ 




GCTACCTGCTGGCAAGG 


4359 




CCTTGCCAGCAGGTAGC 


4360 


Glyphosate Resistance 

EPSPS 

Oryza sativa 


ACTGTTTCCTTGGCACTGAATGCCCACCTGTTCGTGTCAAGGGA 
ATTGGAGGACTTCCTGCTGGCAAGGTTAAGCTCTCTGGTTCCAT 
CAGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 


4361 


Gly115Ala 
GGT-GCT 


GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAACCAGA 

GAGCTTAACCTTGCCAGCAGGAAGTCCTCCAATTCCCTTGACAC 

GAACAGGTGGGCATTCAGTGCCAAGGAAACAGT 


4362 




ACTTCCTGCTGGCAAGG 


4363 




CCTTGCCAGCAGGAAGT 


4364 


Glyphosate Resistance 
EPSPS 

Petunia x hybiida 


AGCCTTCTGAGATAGTGTTGCAACCCATTAAAGAGATTTCAGGCA 

r^TT^' 1 " I" A A A'l' i '/^^/^Ti^/^^T/^T* A A A T/^ A "l"'T A T/^T A ATA A A 1 1 "OT^^T 

CTGTTAAATTGCCTGCCTCTAAATCATTATCTAATAGAATTCTUOT 
TCTTGCTGCCTTATCTGAAGGAACAACTGT 


4365 


Gly93Ala 
GGC-GCC 


ACAGTTGTTCCTTCAGATAAGGCAGCAAGAAGGAGAATTCTATTA 

A "T" A A "T^^ A 1 ' A A i'N A A A III' A A ^\ A A%"T"A% AN/^HPA'N AAA "T"ANT"AN"1* 

GATAATGATTTAGAGGCAGGCAATTTAACAGTGCCTGAAATCTCT 
TTAATGGGTTGCAACACTATCTCAGAAGGCT 


4366 




ATTGCCTGCCTCTAAAT 


4367 




Al 1 lAGAGGCAGGCAAl 


4368 


OiypiiUodLc rxcoloLdilUc; 

EPSPS 
Lycopersicon 


CTGTTAAATTACCCGCTTCGAAATCCCI 1 1 CCAATCGTATTCTCCT 
TCTTGCTGCCC 1 1 1 CTGAGGGAAGGACTGT 


4?fiQ 


esculentum 

Gly97Ala 

GGT-GCT 


ACAGTCCTTCCCTCAGAAAGGGCAGCAAGAAGGAGAATACGATT 
GGAAAGGGAI 1 1 CGAAGCGGGTAATTTAACAGTACCAGATATATC 
TTTGATGGGTNCTAGCACAATCTCATGGGGTT 


4370 




ATTACCCGCTTCGAAAT 


4371 




Mill WvjM/AvJV^VJJvJVj 1 r\r\ 1 




Glypliosate Resistance 
EPSPS 

Lolium rigidum 


Al IGI 1 ICCrTGGCACTGACTGCCCACCTGTTCGKATCAACGGCA 

TTGGAGGGCTACCTGCTGGCAAGGTTAAGCTGTCTGGTTCCATC 

AGCAGCCAATACTTGAGTTCCTTGCTGATGGC 


4373 


Gly107Ala 
GGT-GCT 


GCCATCAGCAAGGAACTCAAGTATTGGCTGCTGATGGAACCAGA 
CAGCTTAACCTTGCCAGCAGGTAGCCGTCCAATGCCGTTGATCG 
AACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 


4374 




GCTACCTGCTGGCAAGG 


4375 




CCTTGCCAGCAGGTAGC 


4376 
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Table 11 

Genome-Altering Oligos Conferring Imidazolinone and Sulfonylurea Herbicide Resistance 



5 



Phenotyp% Oene, 
Afteratioa . 




Aftering Oligos 


SEQID 

\ NO; 


Sulfonylurea A 
Resistance A 
ALS C 


GCGGATTAGCCGATGCGTTGTTAGATAGTGTTCCTCTTGTAGC 
TCACAGGACAAGTCICTCGTCGTATGATTGGTACAGATGCGTT 
AAoAoAO 1 ULroA 1 lol loAoVa 1 AAL»VjL»o 1 1 


:A 4377 

—r 
1 


Arabidopsis thaliana A 
rroiy/oer u 
CCT-TCT C 


acgcgttacctcaacaatcggagtctcttgaaacgcatctgta 
aatcatacgacgagagacttgtcctgtgattgctacaagagg; 
actatctaacaacgcatcggctaatccgct 


C 4378 

\ A 


G 


acaagtctctcgtcgt 


4379 


A 


CGACGAGAGACTTGTC 


4380 


Sulfonylurea A 
Resistance A 
ALS C 


gcggattagccgatgcgttgttagatagtgttcctcttgtagc 
tcacaggacaagtccagcgtcgtatgattggtacagatgcgt 

AAoAoALf 1 UUoA Moll oAoVj 1 AAL-oUo 1 1 


;A 4381 

1 — r 

IT 


Arabidopsis thaliana A 
rroiy/bln c 
CCT-CAG C 


acgcgtracctcaacaatcggagtctcttgaaacgcatctgiyi^ 
aatcatacgacgctggacttgtcctgtgattgctacaagagg; 
actatctaacaacgcatcggctaatccgct 


,C 4382 

V A 

\A 


A 


caagtccmcgtcgtc 


4383 


Ti 


^CGACGeiGGACTTGT 


4384 


Sulfonylurea A 
Resistance A 
ALS C 


gcggattagccgatgcgttgttagatagtgttcctcttgtagc 
tcacaggacaagtccaacgtcgtatgattggtacagatgcgt 

AAbAoAU J UUbA Moll oAbvp 1 AAUoOo 1 1 


;A 4385 

rx 

1 1 


Arabidopsis tlialiana A 
rroiy/oin o 
CCT-CAA C 


ACGCGTTACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTA 
AATCATACGACGTTGGACTTGTCCTGTGATTGCTACAAGAGG/s 
ACTATCTAACAACGCATCGGCTAATCCGCT 


.C 4386 


A 


CAAGTCCAACGTCGTA 


4387 


T 


ftCGACGITGGACTTGT 


4388 


Imidazolinone G 
Resistance T 
ALS A 


ACCTTACCTGTTGGATGTGATTTGTCCGCACCAAGAACATGTG 
GCCGATGATCCCGAACGGTGGCACTTTCAACGATGTCATAACI 
AGGAGATGGCCGGATTAAATACTGAGAGAT 


IT 4389 
3G 


Arabidopsis tlialiana A 
Ser653Asn T 
AGT-AAC G 


TCTCTCAGTATTTAATCCGGCCATCTCCTTCCGTTATGACATCC 
GAAAGTGCCACCGTrCGGGATCATCGGCAACACATGTTCTTG( 
CGGACAAATCACATCCAACAGGTAAGGTC 


3T 4390 
3T 


G 


ATCCCGAACGGTGGCA 


4391 


T 


GCCACCGirCGGGATC 


4392 
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Pbenotyp^ Oene, 
. Alteration ^ 








Altering Oligos , ,| 


NO: 




Imidazolinone 

rvcoloLcillUc? 

ALS 


GACCTTACCTGTTGGATGTGAr 1 1 G 1 CCGCACCAAGAACATGTGT 
TrirrfiATGATnnrRAATGRTGRnAC 1 1 1 OAACGATGTCATAACGG 
AAGGAGATGGCCGGATTAAATACTGAGAGAT 


4393 


0 


Arabidopsis thaliana 

Ov^l QOOMoll 

AGT-AAT 


ATCTCTCAGTATTTAATCCGGCCATCTCCTTCCGTTATGACATCGT 

TI^AAAr^TrSPr'APPATTPr^rsr^ATPATPrSr^r^AAPAfATr^TTPTTRfiT 
1 \Jr\fvvJ \ l3L>L>AUOM 1 1 OOVjVJrt 1 Kjr\ 1 L»OOV-»MAL>r\V^r\ 1 V3 1 1 V»» 1 1 OVJ 1 

GCGGACAAATCACATCCAACAGGTAAGGTC 


4394 






GATCCCGAAIGGTGGCA 


4395 






TGCCACCATTCGGGATC 


4396 




Sulfonylurea 

rxColoLCii IvC 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCG 
rrATCACGGGCCAGGTCTCCCGCCGCATGATCGGCACCGACGC 
CTTCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 


4397 


10 


Oryza sativa 

Prn1 71 Qor 

CCC-TCC 


AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGTG 
r^r^f^ATPATr2pr2^^rr;r;r5Ar5APPTr5r!PPPriTr5ATnr;pf5APPATr'r5 

GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 


4398, 






GCCAGGTCICCCGCCGC 


4399 






GCGGCGGGAGACCTGGC 


4400 


15 


Sulfonylurea 

Rocictsinr*o 
rxcoloLcliim 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
PATPAPfif5RPPARGTPPAAnGnPfinATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4401 




Oryza sativa 

Prn17l nin 
rlKJif 1 Olii 

CCC-CAA 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4402 






CCAGGTCCAACGCCGCA 


4403 






TGCGGCGIIGGACCTGG 


4404 




Sulfonylurea 

Rpcicfsinro 
rxcoloLcillUc 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
PATPAPGftGPPARRTnnA(3CGCCGnATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4405 




Oryza sativa 

PrnlTlf^ln 
rlU 1 / 1 Olll 

CCC-CAG 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 

riP P ATP AT^iP Pi fiiP r^PTr^ n A P PTririP P P r^TPJ ATf^ r^Pf^ A P P ATP 

GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4406 






CCAGGTCCAGCGCCGCA 


4407 






TGCGGCGCIGGACCTGG 


4408 


25 


Imidazolinone 

Resistance 

ALS 


GGCCATACTTGTTGGATATCATCGTCCCGCACCAGGAGCATGTGC 
TGCCTATGATCCCAAATGGGGGCGCATTCAAGGACATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTAATCTAT 


4409 


30 


Oryza sativa 

lle627Asn 

ATT-AAT 


ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 
TGAATGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 
GCGGGACGATGATATCCAACAAGTATGGCC 


4410 






GATCCCAAATGGGGGCG 


4411 
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Mini 




CGCCCCCAirTGGGATC 


A A A n 

4412 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGATTCCGTCCCCATGGTCGC 
CATCACGGGACAGGTGTCGCGACGCATGATTGGCACCGACGCCT 
TCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


A A A *^ 

4413 


Zea mays 

Pro165Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGG 

GGACGGAATCGAGCAGCGCGTCGGCGAGCGCGGA 


4414 




GACAGGTGICGCGACGC 


4415 




GCGTCGCGACACCTGTC 


4416 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGATTCCGTCCCCATGGTCGGC 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 
CCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


A A A 

4417 


Zea mays 

Pro165Gin 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGG 
TGCCAATCATGCGTCGCTGCACCTGTCCCGTGATGGCGACCATG 
GGGACGGAATCGAGCAGCGCGTCGGCGAGCGCGG 


4418 




ACAGGTGCAGCGACGCA 


4419 




TGCGTCGCIGCACCTGT 


4420 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCACACCAGGAGCATGTGT 
TGCCTATGATCCCTAATGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4421 


Zea mays 

Ser621Asn 

AGT-AAT 


TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCATTAGGGATCATAGGCAACACATGCTCCTGGT 
GTGGGACGATTATATCCAAGAGGTACGGCC 


4422 




GATCCCTAAIGGTGGGG 


4423 




CCCCACCATTAGGGATC 


4424 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCACACCAGGAGCATGTGT 
TGCCTATGATCCCTAACGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4425 


Zea mays 

Ser621Asn 

AGT-AAC 


TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCGTTAGGGATCATAGGCAACACATGCTCCTGGT 
GTGGGACGATTATATCCAAGAGGTACGGCC 


4426 




GATCCCTAACGGTGGGG 


4427 




CCCCACCGTTAGGGATC 


4428 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCCCTCCTCGACTCCATCCCCATGGTGGC 

CATCACGGGGCAGGTCTCGCGCCGCATGATCGGCACGGACGCC 

TTCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4429 


Lolium mulU^omm 

Pro167Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCGT 
GCCGATCATGCGGCGCGAGACCTGCCCCGTGATGGCCACCATG 
GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGGA 


4430 
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Pftenotype, Gene, 
Plant & Targeted 
Alteration 


Attenrva Otioos 


sEato 

NO: V 




GGCAGGTCICGCGCCGC 


4431 




oOooUoUuAuAOU 1 uL>0 


HHO^ 


ouiTonyiurea 

Resistance 

ALS 


OUoUoL> 1 OoUOoAuvjUUU I L»Lr 1 L»vjAL» I OOA 1 L/OUOA 1 uVa 1 ooOO 

ATCACGGGGCAGGTCCAGCGCCGCATGATCGGCACGGACGCCT 

TCCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 




Lo//u/n multiflorum 

Pro167Gln 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCG 

TGCCGATCATGCGGCGCTGGACCTGCCCCGTGATGGCCACCATG 

GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGG 


4434 




GCAGGTCCAGCGCCGCA 


4435 








Imidazolinone 
Resistance 


CTGGGCCATACTTGTTGGATATCATCGTCCCTCACCAGGAGCATG 
TGCTGCCTATGATCCCTAACGGTGGTGCTTTCAAGGACATOTCA 

Tr^riAAf^nTr^ATr^r^PAr^riA 1 l l Pr^TATTAAAP 


4437 


Lolium multinomm 

Ser623Asn 
Ann AAr^ 


GTTTAATACGAAATCCTGCCATCACCTTCCATGATAATGTCCTTGA 
AAGCACCACCGmGGGATCATAGGCAGCACATGCTCCTGGTGA 

bbbAUbA 1 bA 1 A 1 UL/AAUAAo I A 1 obOULrAo 


4438 




GATCCCTAACGGTGGTG 


4439 




CACCACCGTTAGGGATC 


4440 


Sulfonylurea 

Resistance 

ALS 


1 OOoLroU 1 OoOLfOAObO 1 L> 1 1 Vy(jAU 1 OOA 1 OOOUA 1 oo 1 LrvaU 

CATCACGGGCCAGGTCTCACGCCGCATGATCGGCACGGACGCGT 

TCCAGGAGACGCCCATAGTGGAGGTCACGCGCT 


A AAA 


Hordeum vulgare 

Pro68Ser 

CCA-TCA 


AGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCGTCCGTG 

CCGATCATGCGGCGTGAGACCTGGCCCGTGATGGCGACCATGG 

GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGGA 


4442 




GCCAGGTCICACGCCGC 


4443 




bUbbUb 1 bAbAL-L. 1 bbU 


4444 


Sulfonylurea 

Resistance 

ALS 


ULrbL-bU 1 ObbUbAUbU 1 L. 1 bU 1 UbAb 1 L-UA 1 bbULA 1 bb 1 UbbU 
ATCACGGGCCAGGTCCAACGCCGCATGATCGGCACGGACGCGTT 
CCAGGAGACGCCCATAGTGGAGGTCACGCGCTC 


4440 


Hordeum vulgare 

Pro68Gln 

CCA-CAA 


GAGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCGTCCGT 
GCCGATCATGCGGCGTTGGACCTGGCCCGTGATGGCGACCATGG 
GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGG 


4446 




CCAGGTCCAACGCCGCA 


4447 




TGCGGCGTIGGACCTGG 


4448 
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PRenotype, ^ene, 
































; Nu: 


Imidazolinone 

Resistance 

ALS 

Hordeum vulgare 

Ser524Asn 

AGC-AAC 


CCCAGGGCCGTACCTGCTGGATATCATTGTCCCGCATCAGGAGC 

ACGTGCTGCCTATGATCCCAAACGGTGGTGCTTTCAAGGACATGA 

TCATGGAGGGTGATGGCAGGACCTCGTACTGA 


4449 


TCAGTACGAGGTCCTGCCATCACCCTCCATGATCATGTCCTTGAA 
AGCACCACCGTTTGGGATCATAGGCAGCACGTGCTCCTGATGCG 
GGACAATGATATCCAGCAGGTACGGCCCTGGG 


4450 


GATCCCAAACGGTGGTG 


4451 


CACCACCGTTTGGGATC 


4452 


Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Ser 

CCT-TCT 


AGTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 


4400 


ACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATGGGTAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCACT 


A Ac A 

4454 


GTCAAGTCICTCGTCGG 


A ACC 

4455 


CCGACGAGAGACTTGAC 


4456 


Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Gln 

CCT-CAA 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


440/ 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4458 


TCAAGTCCAACGTCGGA 


A A CO 

4459 


TCCGACGTTGGACTTGA 


A ACtf\ 

44du 


Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Gln 

CCT-CAG 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


44d1 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGCTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4462 


TCAAGTCCAGCGTCGGA 


A A O 

4463 


TCCGACGCTGGACTTGA 


4464 


Imidazolinone 

Resistance 

ALS 

Gossypium hirsutum 

Ser642Asn 

AGT-AAT 


GACCTTACTTGTTGGATGTGATTGTCCCACATCAAGAACATGTCCT 
GCCTATGATCCCCAATGGAGGCGCTTTCAAAGATGTGATCACAGA 

GGGTGATGGAAGAACACAATATTGACCTCA 


4465 


TGAGGTCAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCGCCTCCATTGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 


4466 


GATCCCCAATGGAGGCG 


4467 
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Alteration 






Altering Oligos . . ^ ^ j 


$£Q|D 
MO: 




LroL»Lr 1 LrOAJL I oVjvjLjA I Lr 




Sulfonvlurea 
Resistance 


TCTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCC 
ATTACTGGGCAAGTTICCCGGCGTATGAnGGTACTGATGCI IMC 
AAf^AnArTrPAATTf^TTf^Af^r^TAArTrr^AT 


4469 


Amaranthus 
retroflexus 

Dm*! QOQiir 

r ro 1 yZocF 


ATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTACC 
AATCATACGCCGGGAAACTTGCCCAGTAATGGCGACAAGAGGGA 

0 1 oAU 1 UAAoAAb ! UUA I UAoLrAAoAULrAUA 


4470 


CCC-TCC 


GGCAAGTTICCCGGCGT 


4471 




ACGCCGGGAAACTTGCC 


4472 


Sulfonvlurea 

Resistance 

Al Q 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTGTTGTCGCCA 
TTACTGGGCAAGTTCAACGGCGTATGATTGGTACTGATGCI MIC 

A A A A PTP P A ATT f^TT n A f^T A A PTP ri ATP 


4473 


Amaranthus 
retroflexus 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGTTGAACTTGCCCAGTAATGGCGACAAGAGGGA 


4474 


CCC-CAA 


GCAAGTTCAACGGCGTA 


4475 




TACGCCGIIGAACTTGC 


4476 


Sulfonvlurea 
Resistance 

Al 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGTTCAGCGGCGTATGATTGGTACTGATGCI IMC 


4477 


Amaranthus 
retroflexus 
rro 1 yzoin 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGCIGAACTTGCCCAGTAATGGCGACAAGAGGG 

A r*Tr^ A r^Tr^ A A O A A OT/^r* ATO A r^r* A A O A A 

AO 1 oAo 1 OAAoAAo 1 oOA 1 LrAvjOAA^jAULrAo 


4478 


CCC-CAG 


GCAAGTTCAGCGGCGTA 


4479 




TACGCCGCTGAACTTGC 

I M 1 x^ x^ X^ ■ 1 ■ x^ x^ 


4480 


Imidazolinone 
Resistance 

A! O 

ALo 


GACCGTATCTGCTGGATGTAATCGTACCACATCAGGAGCATGTGC 
TGCCTATGATCCCTAACGGTGCCGCCTTCAAGGACACCATAACAG 

A Or^OTO ATr^O A A A A Or^r^OTT ATT A r^TTfir^T 
AooU 1 oA 1 boAAoAAoooU 1 1 A 1 1 Ao 1 1 oo 1 


4481 


Amaranthus 

retroflexus 

Ser652Asn 


ACCAACTAATAAGCCCTTCTTCCATCACCCTCTGTTATGGTGTCCT 
TGAAGGCGGCACCG1TAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTACATCCAGCAGATACGGTC 


4482 


AGC-AAC 


GATCCCTAACGGTGCCG 


4483 




CGGCACCGTTAGGGATC 


4484 
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Pftenotype, ^ene, 


4 : 






1 NO: 


Plant & Targeted 
Alteration 




Sulfonylurea 

Resistance 

ALS1 


AGCGGCCTCGCTGACGCGCTACTGGATAGCGTCCCCATTGTTGC 
TATAACAGGTCAAGTGTCACGTAGGATGATAGGTACTGATGCI 1 1 1 
CAGGAAACTCCTATTGTTGAGGTAACTAGAT 


4485 


Nicotiana tabacum 

Pro194Ser 

CCA-TCA 


ATCTAGTTACCTCAACAATAGGAGTTTCCTGAAAAGCATCAGTACC 

TATCATCGTACGTGACACTTGACCTGTTATAGCAACAATGGGGAC 

GCTATCCAGTAGCGCGTCAGCGAGGCCGCT 


4486 




GTCAAGTGICACGTAGG 


4487 




CCTACGTGACACTTGAC 


4488 


Sulfonylurea 

Resistance 

ALS1 


GCGGCCTGGCTGACGCGCTACTGGATAGCGTCCCCATTGTTGCT 
ATAACAGGTCAAGTGCAACGTAGGATGATAGGTACTGATGCI 1 1 1 
CAGGAAACTCCTATTGTTGAGGTAACTAGATC 


4489 


Nicotiana tabacum 

Pro194Gln 

CCA-CAA 


GATCTAGTTACCTCAACAATAGGAGTTTCCTGAAAAGCATCAGTAC 

CTATCATCCTACGTTGCACTTGACCTGTTATAGCAACAATGGGGA 

CGCTATCCAGTAGCGCGTCAGCGAGGCCGC 


4490 




TCAAGTGCAACGTAGGA 


4491 




TCCTACGTIGCACTTGA 


4492 


Innidazolinone 

Resistance 

ALS1 


GGCCATACTTGTTGGATGTGATTGTACCTCATCA(i(iAAUAIUI 1 1 1 
ACCTATGATTCCCAATGGCGGAGCI 1 1 CAAAGATGTGATCACAGA 
GGGTGACGGGAGAAGTTCCTATTGAGTTTG 


4493 


Nicotiana tabacum 

Ser650Asn 

AGT-AAT 


CAAACTCAATAGGAACTTCTCCCGTCACCCTCTGTGATCACATCTT 

TGAAAGCTCCGCCATTGGGAATCATAGGTAAAACATGTTCCTGAT 

GAGGTACAATCACATCCAACAAGTATGGCC 


4494 




GATTCCCAATGGCGGAG 


4495 




CTCCGCCATTGGGAATC 


4496 


Sulfonylurea 

Resistance 

ALS2 


AGTGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTGTTGC 
TATAACCGGTCAAGTGTCACGTAGGATGATCGGTACTGATGCI 1 1 1 
CAGGAAACTCCGATTGTTGAGGTAACTAGAT 


4497 


Nicotiana tabacum 

Pro191Ser 

CCA-TCA 


ATCTAGTTACCTCAACAATCGGAGTTTCCTGAAAAGCATGAGTACC 
GATCATCCTACGTGACACTTGACCGGTTATAGCAACAATGGGGAC 
GCTATCCAGTAGGGCGTCCGCGAGGCCACT 


4498 




GTCAAGTGICACGTAGG 


4499 




CCTACGTGACACTTGAC 


4500 


Sulfonylurea 

Resistance 

ALS2 


GTGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTGTTGCT 
ATAACCGGTCAAGTGCAACGTAGGATGATCGGTACTGATGCTTTT 
CAGGAAACTCCGATTGTTGAGGTAACTAGATC 


4501 


Nicotiana tabacum 

Pro191Gln 

CCA-CAA 


GATCTAGTTACCTCAACAATCGGAGTTTCCTGAAAAGCATCAGTAC 
CGATCATCCTACGTTGCACTTGACCGGTTATAGCAACAATGGGGA 
CGCTATCCAGTAGGGCGTCCGCGAGGCCAC 


4502 




TCAAGTGCAACGTAGGA 


4503 



wo 01/92512 



-55- 



PCT/USOl/17672 



Phfittotviie. Gene 
Plants Targeted 




SEQiD 




TP PT A nnrvrntr^ a ptt^^ a 

1 LrU 1 AUo 1 J_OLrALr 1 1 oA 


4DU4 


imiaazoiinonc 
Resistance 
ALS 2 


rir^PP ATA nTTntTTrifl ATr*Tr* ATTPT A PPTP ATP A fi^^ A A P ATr^TTPT 
oouUA 1 AO Moll ooA 1 Kj I 1 1 o 1 AOO 1 UA 1 UAooAAUA 1 o 1 1 U 1 

ACCTATGATTCCCAATGGCGGGGCI 1 1 CAAAGATGTGATCACAGA 
GGGTGACGGGAGAAGTTCCTATTGACI 1 IG 




Nicotiana tabacum 

Ser647Asn 

AGT-AAT 


CAAAGTCAATAGGAACTTCTCCCGTCACCCTCTGTGATCACATCTT 

TGAAAGCCCCGCCATTGGGAATCATAGGTAGAACATGTTCCTGAT 

GAGGTACAATCACATCCAACAAGTATGGCC 


4506 




GATTCCCAATGGCGGGG 


4507 




PPPPPPP ATTPPP A ATP 

ULrOL/oUOAJ_l booAAl L/ 


/I AHQ 
40U0 


ouiTonyiurea 

Resistance 

ALS 


Ar^TPriTPTTriPTri atppttt a'i't a p a p a ptpttpp a atppti y^^pt a 

r\yj 1 oo 1 Lf 1 1 oU 1 oA 1 oO 1 II A II AoAUAo loll UOAA 1 oo 1 1 oLr 1 A 

TTACTGGTCAAGTTTCCAGGAGAATGATTGGAACAGATGCGTTTCA 
AGAAACCCCTATTGTTGAGGTAACACGTT 


40uy 


Xanthium spp. 

Pro175Ser 

CCC-TCC 


aacgtg™cctcaacaataggggtttcttgaaacgcatctgttcc 
aatcattctcctggaaacttgaccagtaatagcaaccattggaaca 

CTGTCTAATAAAGCATCAGCAAGACCACT 


4510 




GTCAAGTTICCAGGAGA 


4511 




1 L> 1 UU 1 ooAAAL/ 1 1 oAU 


40 IZ 


ouiTonyiurea 

Resistance 

ALS 


OTO^TOTTf^OTOAT^r* 1 1 1 ATT AO A O A OTOTTP'r^ A AT/^OTT/^r'T AT 

o 1 vjo 1 U 1 1 1 UA 1 vjO imam AvjAOAo Io M L»0AA I vjo 1 1 1 A 1 
TACTGGTCAAGTTCAAAGGAGAATGATTGGAACAGATGCGTTTCA 
AGAAACCCCTATTGTTGAGGTAACACGTTC 


40 lo 


Xanthium spp. 

Pro175Gln 

CCC-CAA 


GAACGTGTTACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTC 
CAATCATTCTCCTnGAACTTGACCAGTAATAGCAACCATTGGAAC 
ACTGTCTAATAAAGCATCAGCAAGACCAC 


4514 




TCAAGTTCAAAGGAGAA 


4515 




ttptpptttp a a pttp a 
1 1 U 1 ULr 1 i loAALr 1 1 oA 


40 ID 


ouiTonyiurea 

Resistance 

ALS 


PTPPTPTT^PTP A T/^PTTT ATT A PAPA ^T/^TTPP A A TPPTTOPT A T 

o 1 OO 1 U I 1 oLr [ oA 1 ov-r II 1 A M AoAUAo loll OOAA I oo 1 1 oO 1 A 1 

TACTGGTCAAGTTCAGAGGAGAATGATTGGAACAGATGCGTTTCA 
AGAAACCCCTATTGTTGAGGTAACACGTTC 


40 1 / 


Xanthium spp. 

Pro175Gln 

CCC-CAG 


GAACG 1 G 1 1 ACC 1 CAACAA 1 AGGGG 1 II C 11 GAAACGCA 1 C 1 G 1 1 C 
CAATCATTCTCCTCTGAACTTGACCAGTAATAGCAACCATTGGAAC 
ACTGTCTAATAAAGCATCAGCAAGACCAC 


4518 




TCAAGTTCAGAGGAGAA 


4519 




TTr'Trr^T/^TO A A r'TT/"' A 

1 1 L. 1 L>L> 1 t>lbAAL» 1 1 oA 


/ROM 


Imidazolinone 

Resistance 

ALS 


GGGCCTTACTTGTTGGATGTGATCGTGCCCCATCAAGAACATGTG 
TTGCCCATGATCCCGAATGGTGGAGGI 1 1 CATGGATGTGATCACC 
GAAGGCGACGGCAGAATGAAATATTGAGCTT 


4521 


Xanthium spp. 

Ala631Asn 

GCT-AAT 


AAGCTCAATATTTCATTCTGCCGTCGCCTTCGGTGATCACATCCAT 
GAAACCTCCACCATTCGGGATCATGGGCAACACATGTTCTTGATG 
GGGCACGATCACATCCAACAAGTAAGGCCC 


4522 



wo 01/92512 



-56- 



PCT/USOl/17672 



J. . /^Mkfon 




SEQiD 
NO: 


A ft An tiff f1kfirtn<f 




TGATCCCGAATGGTGGA 


4523 




TCCACCATTCGGGATCA 




Sulfonylurea 

Resistance 

ALS 


TCCGGGi 1 IGCTGATGCI 1 1 GCTCGATTCCGTTCCACTGGTbtiC/ti 
ATCACGGGGCAGGTGTCGCGGCGAATGATTGGGACGGATGCTTT 
TCAGGAGACTCCTATTGTTGAGGTAACACGGT 


4525 


Bassia scoparia 

Pro189Ser 

CCG-TCG 


ACCGTGTTACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTCC 
CAATCATTCGCCGCGACACCTGCCCCGTGATCGCCACCAGTGGA 
ACGGAATCGAGCAAAGCATCAGCAAACCCGGA 


4526 




GGCAGGTGICGCGGCGA 


4527 




TCGCCGCGACACCTGCC 


45zo 


Sulfonylurea 

Resistance 

ALS 


CCGGG 1 1 1 GCTGATGC 1 1 1 GCTCGATTCCGTTCCACTGGTGGCbA 
TCACGGGGCAGGTGCAGCGGCGAATGATTGGGACGGATGCI 1 1 1 
CAGGAGACTCCTATTGTTGAGGTAACACGGTC 


>i coo 
45zy 


Bassia scoparia 

Pro189Gln 

CCG-CAG 


GACCGTGTTACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTC 
CCAATCATTCGCCGCTGCACCTGCCCCGTGATCGCCACCAGTGG 
AACGGAATCGAGCAAAGCATCAGCAAACCCGG 


4530 




GCAGGTGCAGCGGCGAA 


4531 




TTCGCCGCTGCACCTGC 


45oz 


Imidazollnone 

Resistance 

ALS 


GACCTTACCTGCTTGATGTGATTGTAOC 1 OA I UAGGAbOA 1 b 1 bU 

TGCCTATGATTCCTAATGGTGCAGCCTTCAAGGATATCAnAACGA 

AGGTGATGGAAGAACAAGTTATTGATGTTC 


45oo 


Bassia scoparia 

Ser649Asn 

AGT-AAT 


GAACATCAATAACTTGTTCTTCCATCACCTTCGTTAATGATATCCTT 
GAAGGCTGCACCATTAGGAATCATAGGCAGCACATGCTCCTGATG 
AGGTACAATCACATCAAGCAGGTAAGGTC 


4534 




GATTCCTAATGGTGCAG 


4535 


■■ 


CTGCACCATTAGGAATC 


4000 


Sulfonylurea 

Resistance 

ALS1 


AGCGGGTrAGCAGACGCGATGCTTbAOAblbTTLOTC 11 b 1 UbU 

CAnACAGGACAGGTCTCTCGCCGGATGATCGGTACTGACGCCTT 

CCAAGAGACACCAATCGTTGAGGTAACGAGGT 


A COT 

45o7 


Brassica napus 

Pro182Ser 

CCT-TCT 


ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTAATGGCGACAAGAGGA 
ACACTGTCAAGCATCGCGTCTGCTAACCCGCT 


4538 




GACAGGTCICTCGCCGG 


4539 




CCGGCGAGAGACCTGTC 


4540 



wo 01/92512 



-57- 



PCT/USOl/17672 



Pbeno^ype, Gene, 
Pld{ti& Targeted 
Alteratfoa 




iHliill^iiiitt^liiiiliiiiiiiiKi^^^^ 


SEQfD 


< 

-y. 


^ , Aftefiftg 99^$ ^ ' 


NO: 


Sulfonylurea 

Resistance 

ALS1 


GCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGCC 
ATTACAGGACAGGTCCAACGuC/bbATGA 1 UbG 1 AC rbAObCC 1 1 
CCAAGAGACACCAATCGTTGAGGTAACGAGGTC 


4541 


Brassica napus 

Pro182Gln 

CCT-CAA 


GACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTA 
CCGATCATCCGGCGTTGGACCTGTCCTGTAATGGCGACAAGAGb 
AACACTGTCAAGCATCGCGTCTGCTAACCCGC 


4542 




ACAGGTCCAACGCCGGA 


4543 




TCCGGCGIIGGACCTGT 


A r A A 

4544 


Sulfonylurea 

Resistance 

ALS1 


GCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGCC 
ATTACAGGACAGGTCCAGCGUCbbATbA 1 Obb 1 AU 1 bAobUb 1 1 
CCAAGAGACACCAATCGTTGAGGTAACGAGGTC 


4545 


Brassica napus 

Pro182G!n 

CCT-CAG 


GACCTCGTTACCTCAACGATTGGTGTCTCnGGAAGGCGTCAGTA 
CCGATCATCCGGCGCTGGACCTbTUCTbTAArbbCbALrAAbAbb 
AACACTGTCAAGCATCGCGTCTGCTAACCCGC 


4546 




acaggtccagcgccgga 


4547 




TCCGGCGCIGGACCTGT 


AC AO 

4548 


Imidazollnone 

Resistance 

ALS1 


gaccatacctgttggatgtgatatgtccgcaccaagaacatgtgt 

~¥" A /^/^/^ a "T"/^ a T"/^/^/^ AAA "f/^/^T*^/^/^ A 1 1 ' 1 '/^ AAA A T/^T A AT A A A A 

TACCGATGATCCCAAATGGTGGCACI 1 1 CAAAGATGTAATAACAGA 
AGGGGATGGTCGCACTAAGTACTGAGAGAT 


Ac Af\ 

4549 


Brassica napus 

Ser638Asn 

AGT-AAT 


atctctcagtacttagtgcgaccatccccttctgttattacatctt 

T/^ AAA /^T/^/^/^ a /^/^ A "I" 1 1 /^/^/^ A T/^ A T/*^/^/^T A A A O A T/^T — T/^TT/^/^T 

tgaaagtgccacca 1 1 1 gggatcatcggtaacacatgttcttgbt 
GCGGACATATCACATCCAACAGGTATGGTC 


4550 




GATCCCAAATGGTGGCA 


4551 




TGCCACCATTTGGGATC 


4552 


Sulfonylurea 
Resistance 

ALS2 


CAGCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCG 
CCATTACAGGACAGGTTCCTCGCCGGATGATCGGTACTGACGCC 
TTCCAAGAGACACCAATCGTTGAGGTAACGAGG 


AC C*^ 

4553 


Brassica napus 

Pro126Ser 

CCC-TCC 


CCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTACC 

/-^ A -t"/^ A T/^/^/^/^/^/^ A /^/^ A A /^/^T'/^T/^/^T/^T A A T/^/^/^/^ A A A A /^/^ A A 

GATCATCCGGCGAGGAACCTGTCCTGTAATGGCGACAAGAGGAA 
CACTGTCAAGCATCGCGTCTGCTAACCCGCTG 


4554 




GGACAGGTTCCTCGCCG 


4555 




CGGCGAGGAACCTGTCC 


A CCG 

4556 


Sulfonylurea 

Resistance 

ALS2 


AGCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGC 
CATTACAGGACAGGTCACTCGCCGGATGATCGGTACTGACGCCT 
TCCAAGAGACACCAATCGTTGAGGTAACGAGGT 


A C C"7 

4557 


Brassica napus 

Pro126Gln 

CCC-CAG 


ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTAC 
CGATCATCCGGCGAGTGACCTGTCCTGTAATGGCGACAAGAGGA 
ACACTGTCAAGCATCGCGTCTGCTAACCCGCT 


4558 




GACAGGTCACTCGCCGG 


4559 



wo 01/92512 
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Priertotyi>0, Gene, 
PlMf& Targeted 
Alteration 




SEQIlj 
tiO; 




CCGGCGAGTGACCTGTC 


4560 


Imidazolinone 

Resistance 

ALS2 


GACCATACCTGTTGGATGTGATATGTCCGCACCAAGAACATGTGT 

TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACAGA 

AGGGGATGGTCGCACTAAGTACTGAGAGAT 


4561 


Brassica napus 

Ser582Asn 

AGT-AAT 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCTGTTATTACATCTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
GCGGACATATCACATCCAACAGGTATGGTC 


4562 




GATCGCAAATGGTGGCA 


4563 




TGCCACCAiriGGGATC 


4564 


Sulfonylurea 

Resistance 

ALS3 


AGCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGC 
CATCACAGGACAGGTCTCTCGCCGGATGATCGGTACTGACGCGT 
TCCAAGAGACGCCAATCGTTGAGGTAACGAGGT 


4565 


Brassica napus 

Pro179Ser 

CCT-TCT 


ACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTGATGGCGACGAGAGGA 
ACACTGTCAAGCATCGCGTGGGCTAACCCGCT 


4566 




GACAGGTCICTCGCCGG 


4567 




CCGGCGAGAGACCTGTC 


4568 


Sulfonylurea 

Resistance 

ALS3 


GCGGGTTAGCCGAGGCGATGCTTGAGAGTGTTCCTCTCGTCGCC 
ATCACAGGACAGGTCCAACGCCGGATGATCGGTACTGACGCGTT 
CCAAGAGACGCCAATCGTTGAGGTAACGAGGTC 


4569 


Brassica napus 

Pro179Gln 

CCT-CAA 


GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGITGGACCTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGC 


4570 




ACAGGTCCAACGCCGGA 


4571 




TCCGGCGTTGGACCTGT 


4572 


Sulfonylurea 

Resistance 

ALS3 


GCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTGGCC 
ATCACAGGACAGGTGCAGCGGCGGATGATGGGTAGTGACGGGTT 

CGAAGAGACGCCAATCGTTGAGGTAACGAGGTC 


4573 


Brassica napus 

Pro179Gln 

CCT-CAG 


GACCTCGTTACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
GCGATGATCCGGCGCTGGACGTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGG 


4574 




ACAGGTCCAGCGCCGGA 


4575 




TCCGGCGCIGGACCTGT 


4576 


inaidazolinone 

Resistance 

ALS3 


GACCGTACCTGTTGGATGTCATCTGTCCGCACCAAGAACATGTGT 
TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACCG 
AAGGGGATGGTCGCACTAAGTACTGAGAGAT 


4577 


Brassica napus 

Ser635Asn 

A(5T-AAT 


ATCTCTCAGTACTTAGTGCGAGCATCCCGTTCGGTTATTACATGTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
. GCGGACAGATGACATCCAACAGGTACGGTC 


4578 



wo 01/92512 
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Plattl3t Targeted 
Alteration 


Altering uiigos 






GATCCCAAATGGTGGCA 


4579 




TGCCACCATTTGGGATC 


4580 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCG 
CCATCACGGGCCAGGTCTCCCGCCGCATGATCGGCACCGACGC 
CTTCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 


4581 


Oryza sativa 

Pro171Ser 

CCC-TCC 


AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGTG 

CCGATCATGCGGCGGGAGACCTGGCCCGTGATGGCGACCATCG 

GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 


4582 




GCCAGGTCTCCCGCCGC 


4583 


■ 


GCGGCGGGAGACCTGGC 


4584 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
CATCACGGGCCAGGTCCAACGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4585 


Oryza sativa 

Pro171Gln 

CCC-CAA 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCGATCATGCGGCGTTGGACCTGGCCCGTGATGGCGACCATCG 
GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4586 




CCAGGTCCAACGCCGCA 


4587 




TGCGGCGITGGACGTGG 


4588 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
CATCACGGGCCAGGTCCAGCGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4589 


Oryza sativa 

Pro171Gln 

CCC-CAG 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCGATCATGCGGCGCTGGACCTGGCCCGTGATGGCGACCATC 

GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4590 




CCAGGTCCAGCGCCGCA 


4591 




TGCGGCGCTGGACCTGG 


4592 


Imidazolinone 

Resistance 

ALS 


GGCCATACTTGTTGGATATCATCGTCCCGCACCAGGAGCATGTGC 
TGCCTATGATCCCAAATGGGGGCGCATTCAAGGACATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTAATCTAT 


4593 


Oryza sativa 

Ser627Asn 

AGT-AAT 


ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 
TGAATGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 
GCGGGACGATGATATCCAACAAGTATGGCC 


4594 




GATCCCAAATGGGGGCG 


4595 




CGCCCCCATTTGGGATC 


4596 



wo 01/92512 
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Phmoi^po, Gene, 
Plants Targeted 
Alteration 


Allen ng UiiyOS 


: SEQID 




Sulfonylurea 

Resistance 

ALS 


TCTGCGCTCGCAGACGCGTTGCTCGACTCCGTCCCCATGGTCGC 
CATCACGGGACAGGTGTCGCGACGCATGATTGGCACCGACGCCT 
TTCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4597 


5 


Zea mays 

Pro165Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGTG 
CCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGGG 
GACGGAGTCGAGCAACGCGTCTGCGAGCGCAGA 


4598 






GACAGGTGICGCGACGC 


4599 






GCGTCGCGACACCTGTC 


4600 




Sulfonylurea 

Resistance 

ALS 


CTGCGCTCGCAGACGCGTTGCTCGACTCCGTCCCCATGGTCGCC 
ATCACGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 
TCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4601 


10 


Zea mays 

Pro165Gln 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGT 

GCCAATCATGCGTCGCTGCACCTGTCCCGTGATGGCGACCATGG 

GGACGGAGTCGAGCAACGCGTCTGCGAGCGCAG 


4602 






ACAGGTGCAGCGACGCA 


4603 






TGCGTCGCIGCACCTGT 


4604 


15 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCGCACCAGGAGCATGTGT 
TGCCTATGATCCCTAATGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTGATCCGT 


4605 




Zea mays 

Ser621Asn 

AGT-AAT 


ACGGATCAATACACAGTCCTGCCATCACCATCCAGGATCATATCC 
TTGAAAGCCCCACCATTAGGGATCATAGGCAACACATGCTCCTGG 
TGCGGGACGATTATATCCAAGAGGTACGGCC 


4606 






GATCCCTAATGGTGGGG 


4607 






CCCCACCATTAGGGATC 


4608 


20 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 


4609 




Gossypium hirsutum 

Pro186Ser 

CCT-TCT 


ACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCACT 


4610 






GTCAAGTCTCTCGTCGG 


4611 






CCGACGAGAGACTTGAC 


4612 


25 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4613 


30 


Gossypium hirsutum 

Pro186Gln 

CCT-CAA 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4614 






TCAAGTCCAACGTCGGA 


4615 



wo 01/92512 
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Plant & Targeted 
Alteration 




NO: 


Altering Otigos 




rr^/^o A r^r^Tvr^r^ a otto a 


APIA 

40 ID 


buiTonyiurea 

Resistance 

ALS 


OTOOTOTOOOTOATOOA ATOOTOO ATAOTATOOPTOTOOTOOPr* A 

b 1 OV3 1 Lr 1 LroU 1 oA 1 LjUAA I 1 UbA 1 Ab 1 A 1 UUU 1 U 1 Ub 1 bbUbA 

rCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
^GGAAACTCCAATTGTTGAGGTAACAAGGTC 


AM'7 


Gossypium hirsutum 

Pro186Gln 

CCT-CAG 


GACCI IGI lACCICAACAAl IGGAGI 1 ICCIGGAAAGCAICGGIA 
CCGATCATCCGACGCTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCATTGCATCAGCGAGACCAC 


4618 




rCAAGTCCAGCGTCGGA 


4619 




1 UL-(jAL>bU 1 boAU 1 1 bA 


4dZU 


Imidazolinone 

Resistance 

ALS 


bAUU 1 1 AU 1 IL) M boA 1 b 1 bA 1 1 b 1 UUL-AL.A 1 L>AAbAAL.A 1 b 1 L-L. 1 

GCCTATGATCCCCAATGGAGGGGCTTTCAAAGATGTGATCACAGA 
GGGTGATGGAAGAACACAATATTGACCTCA 


40Z 1 


Gossypium hirsutum 

Ser642Asn 

AGT-AAT 


TGAGGTCAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
rGAAAGCCCCTCCATTGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 


4622 




GATCCCCAATGGAGGGG 


4623 




L.L.L.U 1 UUAl 1 bbbbA 1 U 


40/4 


Sulfonylurea 

Resistance 

ALS 


I U 1 bb lull bU 1 bA 1 bUAL' 1 1 U 1 1 bAU 1 OAb 1 UUL. 1 U 1 1 b 1 UbL>L. 

ATTACTGGGCAAGTTTCCCGGCGTATGATTGGTACTGATGCI 11 IC 
AAGAGACTCCAATTGTTGAGGTAACTCGAT 


AC^OPi 

4dZ0 


Amaranthus powellii 

Pro192Ser 

CCC-TCC 


ATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTACC 

AATCATACGCCGGGAAACTTGCCCAGTAATGGCGACAAGAGGGA 

CTGAGTCAAGAAGTGCATCAGCAAGACCAGA 


4626 




GGCAAGTTTCCCGGCGT 


4627 




ALrbL-ObbbAAALr 1 IbOu 


4uZo 


Sulfonylurea 

Resistance 

ALS 


U 1 bb 1 0 J 1 bU 1 bA I bUAu 1 1 U 1 1 bAU 1 UAb 1 L>L>L> 1 U 1 1 b 1 UbuOA 

TTACTGGGCAAGTTCAACGGCGTATGATTGGTACTGATGCI IMC 
AAGAGACTCCAATTGTTGAGGTAACTCGATC 


4Dzy 


Amaranttius powellii 

Pro192Gln 

CCC-CAA 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGTTGAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4630 




GCAAGTTCAACGGCGTA 


4631 




I AL>bL»L>b 1 1 bAAO 1 IbU 


4Do/ 


Sulfonylurea 

Resistance 

ALS 


CTGGTCTTGCTGATGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGTTCAGCGGCGTATGATTGGTACTGATGCI MIC 
AAGAGACTCCAATTGTTGAGGTAACTCGATC 


4633 


Amaranthus powellii 

Pro192Gln 

CCC-CAG 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 

CAATCATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 

ACTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4634 
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Pftenotype, Gene, 
PidttlS Targeted 








SEQiD 


Alteration 


NO: 




GCAAGTTCAGCGGCGTA 


4635 




TALrCaOObCTCaAAO 1 ICaU 


400D 


Imidazolinone 

Resistance 

ALS 


bAOOb 1 A 1 UToO TboA 1 Ca 1 AA 1 1 AL/LAOA I OAboAoOA 1 b 1 bL. 
TGCCTATGATCCCTAACGGTGCCGCCTTCAAGGACACCATAACAG 
AGGGTGATGGAAGAAGGGCTTATTAGTTGGT 


400 / 


Amaranthus powellii 

Ser652Asn 

AGC-AAC 


ACCAACTAATAAGCCCTTCTTCCATCACCGTCTGTTATGGTGTCCT 
TGAAGGCGGCACCGTTAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTACATCCAGCAGATACGGTC 


4638 




GATCCCTAACGGTGCCG 


4639 




CGGCACCGTTAGGGATC 


4640 
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Table 12 

Genome-Altering Oliaos Conferring Porohvric Herbicide Resistance 



5 



Phenotype^ Oene, 
Pidnt & Tartf eted 
Afteration 


Afteritig Ofigos . 


SEOiD 
NO: 


Porphyric Herbicide 1 
Resistant / 
PPQ / 


"CTTGCGCCCTCTTTCTGAATCTGCTGCAAATGCACTCTCAAAACT 
\ 1 A 1 1 AGC/OAOUAA 1 GbUAbUAb 1 A 1 U 1 A 1 U 1 Ub 1 AbUUbAAAbA 
^GCAATCCGAACAGAATGTTTGATAGATGG 


4641 


Arabidopsis thaliana C 
vaioboiviet 1 
GTT-ATG 1 


XATCTATCAAACATTCTGTTCGGATTGCTTCTTTCGGGTACGAGA 

"AO AT A OXOOTOOO ATTOOTOOOTA ATAT AOTTTTO AO AOTOO ATT 

AbA 1 Ab 1 bb 1 bCbAT 1 bb 1 bbb 1 AA 1 A 1 Ab 1 1 1 1 bAbAb 1 bUA 1 1 
'GCAGCAGATTCAGAAAGAGGGGGCAAGA 


4642 


( 


XCACCAATGGCAGCAG 


4643 


( 


:tgctgccaitggtggg 


4644 


Porpiiyric Herbicide 1 
Resistant ( 
PPO ( 


"ATTACGTCCTCTTTCGGTTGCCGCAGCAGAIGCACI 1 ICAAAI 1 1 

■^T AOT ATOOOOO A AT/*00 A OO A OTO A O A A 1 1 1 OATATOOTOA AO A A 

^TACTATCCCCCAATGbbAbbAb 1 OAbAAT 1 I L>A 1 A 1 UL. 1 OAAbAA 
3CTATTCGTGATGAGCGTCTGGTTGATGG 


4645 


Nicotians tabacum ( 
Valo/blvlet / 
GTT-ATG 1 


XATCAACCAGACGCTCATCACGAATAGCTTCTTGAGGATATGAA 
\TTGTGACTGCTCCCATTGGbbbATAbTAbAAAT 1 1 bAAAb 1 bUA 
rCTGCTGCGGCAACCGAAAGAGGACGTAATA 


4646 


1 


rCCCCCAATGGGAGCAG 


4647 


( 


:tgctcccaitggggga 


4648 


Porphyric Herbicide 1 
Resistant 

PPO ( 


rGTTGCGTCCGCTTTCGi 1 GGGTGCAGCAGATGCATTGTCAAAAT 

"TT ATT A TOOTOOO AT/* OO A OOTOTATO A All I'OATATOOA A A AO A 

TTATTATC.GTbbbATGbbAbb 1 b 1 A 1 bAA 1 1 1 OA 1 A 1 bUAAAAbA 

:gcaattcgtgctgaccggctgattgatgg 


4649 


Cichorium intybus ( 
vaioooiviet / 
GTT-ATG ( 


XAICAATCAGCCGGICAGCACGAAI IGCGICI 1 1 IGGAIAIGAA 

VTTO AXAOAOOTOO^ATOOOAOOATA ATA A A ATTTTO AOA ATOOAT 

\ 1 1 bA 1 AbAbb 1 bbUATbbbAbbA 1 AA 1 AAAA 1 1 1 1 bAbAA 1 bbA 1 

:tgctgcacccaacgaaagcggacgcaaca 


4650 


1 


rCCTCCGATGGCAGCTG 


4651 


( 


:agctgccaicggagga 


4652 


Porpliyric Herbicide 1 
Resistant 1 
PPO ( 


rCCTTCGTCCACTTTCAGATGTCGCCGCAGAATCTCTTTCAAAATT 
rCATTATCCACCAATGGCAGCTGTGTCACTTTCCTATCCTAAAGAA 
3CAATTAGATCAGAGTGCTTGATTGACGG 


4653 


Spinacia oleracea ( 
Val390IVlet ( 
GTT-ATG 1 


XGTCAATCAAGCACTCTGATCTAATTGCTTCTTTAGGATAGGAAA 
3TGACACAGCTGCCATTGGTGGATAATGAAAI 1 1 IGAAAGAGATTC 
rGCGGCGACATCTGAAAGTGGACGAAGGA 


4654 


1 


rCCACCAATGGCAGCTG 


4655 


( 


DAGCTGCCAITGGTGGA 


4656 
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Alteraion 




NO; 


Porphyric Herbicide 

Resistant 

PPO 


1 1 1 lUUUIUUAUl 1 HJAACjUyAlbUlbUAbAlbGICIAIuAAbAI 1 

CTATTATCCACCGATGGCTGCTGTAACTGTTTCGTATCCAAAGGAA 

GCAATTAGAAAAGAATGCTTAATTGATGG 


4657 


Zea mays 

Val363Met 

GTT-ATG 


CCAICAAI lAAGCAl ICI 1 1 ICIAAI IGCI ICCI 1 IGGAIACGAAAC 

AGTTACAGCAGCCATCGGTGGATAATAGAATCTTGATAGAGCATC 

TGCAGCATCGCTTGAAAGTGGACGCAAAA 


4658 




TCCACCGATGGCTGCTG 


4659 




CAGCAGCCAICGGTGGA 


4660 


Porphyric Herbicide 

Resistant 

PPO 


TCTTGCGGCCACTTTCAAGTGATGCAGCAGATGCTCTGTCAATATT 

CTATTATCCACCAATGGCTGCTGTAACTGTTTCATATCCAAAAGAA 

GCAATTAGAAAAGAATGCTTAATTGACGG 


4661 


Oryza sativa 

Val364Met 

GTT-ATG 


CCGICAAI lAAGCAl ICI 1 1 ICIAAI IGCI ICI 1 1 IGGAIAIGAAAC 
AGTTACAGCAGCCATTGGTGGATAATAGAATATTGACAGAGCATCT 
GCTGCATCACTTGAAAGTGGCCGCAAGA 


4662 




TCCACCAATGGCTGCTG 


4663 




y> A y*V A y^ A 1 ■ 1 1 y^ y^T" y^ A 

CAGCAGCCAUGGTGGA 


4664 


Resistant 
PPO 


CCTTCGACTACCCGCCGATGGGCGCCGTGACGCTGTCGTACCCG 
CTGAGCGCCGTGCGGGAGGAGCGCAAGGCCTCGG 




Chlamydomonas 

reinhardtii 

Val389Met 


CCGAGGCCTTGCGCTCCTCCCGCACGGCGCTCAGCGGGTACGA 
CAGCGTCACGGCGCCCATCGGCGGGTAGTCGAAGGAGCCCAGG 
GCCTCGGCGGCGGCGGGCGCCTGCTCCTTGACCAG 


4666 


GTG-ATG 


ACCCGCCGATGGGCGCC 


4667 




GGCGCCCAICGGCGGGT 


4668 



20 Table 13 

Genome-Altering Ollqos Conferring Triazine Resistance 





Phenotype, Gene, 
t?jant& Targeted 








Attertng Ollgo? 


SEQID 
NO; 




Alteratioa 




25 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 


AAACTTACAACATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
TTTCCAATATGCTACTTTCAACAATTCTCGTTCI 1 1 ACATTTCTTCTT 
AGCGGCTTGGCCGGTAGTAGGTATTTG 


4669 




Ser264Thr 
AGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4670 
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Pft0»otype, 
Alteration 


liiliiiiiilHiiiB^ 

Aiteriitg Qli0O$ 


SEQID 
NO: 




ATATGCTACTTTCAACA 


4671 




TGTTGAAAGTAGCATAT 


4672 


Triazine Resistant 
D1 Protein 
Nicotiana tabacum 


AAACTTATAACATCGTAGCCGCTCATGGl lAI 1 1 IGGCCGATTGAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4673 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4674 




ATATGCTACTTTCAACA 


4675 




TGTTGAAAGTAGCATAT 


4676 


Triazine Resistant 
D1 Protein 
Populus deltoides 


AAACTTATAATATCGTAGCCGCTCATGGTIAI 1 ITGGCCGATTGAT 
CTTCCAATATGCTACI 1 1 1 AACAACTCTCGCTCTTTACATTTCTTCT 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4677 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAG 

CGAGAGTTGTTAAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCGGCTACGATATTATAAGTTT 


4678 




ATATGCTACTTTTAACA 


4679 




TGTTAAAAGTAGCATAT 


4680 


Triazine Resistant 
D1 Protein 
Petunia x hybrida 


AAACI lAIAAIAICGIAGCCGCICAIGGI lAI 1 1 IGGCCGAI IGAI 

CTTCCAATATGCTAGTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4681 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 


4682 




ATATGCTACTTTCAACA 


4683 




TGTTGAAAGTAGCATAT 


4684 


Triazine Resistant 
D1 Protein 

Magnolia pyramidata 


AAACTTATAATATCGTAGCTGCTCATGGTIAI 1 1 IGGCCGATTGAT 
CTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4685 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCAGCTACGATATTATAAGTTT 


4686 




ATATGCTACTTTCAACA 


4687 




TGTTGAAAGTAGCATAT 


4688 


Triazine Resistant 
D1 Protein 
Medicago sativa 


AAACCTATAATATTGTAGCAGCTCATGGTIAI 1 1 IGGCCGATTGAT 
CTTCCAATATGCTACTTTCAACAACTCTCGTTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4689 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCTGCTACAATATTATAGGTTT 


4690 




ATATGCTACTTTCAACA 


4691 
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r Jant ot i arg^ted 


- ^ ^ Aiteniig M>i90$ ^ 


SEQID 
NO; 


Alteration 






TGTTGAAAGTAGCATAT 


4692 


Triazine Resistant 


AAACCTATAATATTGTAGCTGCTCATGGI lAI 1 1 IGGCCGATTGAT 


4693 


1 1 lUlCHI 


rTTrrAATATnrAArTTTrAAPAATTrTPnTTrTTTArATTTrTTrT 

0 I 1 V^OMM I M 1 OOMMV/ 1 1 1 OMMV^MM 1 1 V-/ 1 OO 1 1 O 1 1 1 MOM 1 1 \\j I 1 O J 




yjiyctn& maX 


T A nPTr^PTTr^nPPTHiT A r^T Ar^ r^T ATTTril 
1 MoU 1 oLr 1 1 ooOU 1 o 1 Mo 1 Moo ! M 1 1 1 o 




ocrzD*fr 1 nr 


LrAAA 1 AOu 1 ALr 1 AUMooLrLrAAoLrMoO 1 AAV5AA0AAA 1 0 1 AAAoAA 




MO 1 -MO 1 


P A P A ATT/^TTn A A A CTT^i P AT ATT^iri A A P ATP A ATPrf^ riPP A A A AT 
UoAoAA 1 I 0 1 1 oAAAVa 1 1 oOM 1 A 1 1 ooAAoA 1 OAA 1 OooULrAMAA 1 

AAPPATPAPPAPPTAPAATATTATAPP 1 1 V 
MMOUM 1 oMoUMOO 1 MoMM 1 M 1 1 M 1 MOO I 1 1 






ATATGCAACTTTCAACA 


4695 




TGTTGAAAGTTGCATAT 


4696 


Triazine Resistant 


AAACTTACAACATTGTAGCTGCTCACGGi iAII i IGGCCGATTGAT 


4697 


D1 Protein 


CTTCCAATATGCTAC 1 1 1 0 AAC AATTCTCGTTC 1 1 lACATTTCTTCT 




DraSSICa napUS 


TA^PPPPTT^PlPP^/^TA/tiTAP^TA 1 1 Id 
1 MoOooU 1 1 ooLrUoo 1 Mo 1 Moo 1 M 1 1 1 o 




oly^:o^ 1 nr 


r^A A ATA/^OTAOTAr^r'/^/^OOA AOOr'Or'TA A/^ A A/^ A A ATf^TA A Ar^A A 

UAAA 1 ALrLr 1 AU 1 AUUooUUAAoULroU 1 AAoAAoAAA 1 o 1 AAAoAA 


4oyo 


r^fiT APT 


PPS AP A ATT^^TTriS A A A^TAPP ATATTP^A AP ATP A ATPPPPP A A A AT 
OoAoAA Moll oAAAVJ 1 AoUA IAII ooAAoA 1 UAA 1 LrOoULrAAAA 1 

A A PPPTP A PP A PPT A P A ATPTTPTA APTTT 
AAUOo 1 oAoOAoU 1 AUAA 1 o 1 1 o 1 AAo 1 1 1 






ATATGCTACTTTCAACA 


4699 




TGTTGAAAGIAGCATAT 


4700 


Triazine Resistant 


AAACI lAIAAIAI IGIGGCCGCICAIGGI lAI 1 1 IGGCCGAI lAAl" 


4701 


ni Prn+ain 
U i r lUlcjUl 


PTTPPAATATPPTAP 1 1 irAAPAAPTPTPPTTPTTTAPAPTTPTTPT 
O 1 1 L/OMM 1 M 1 OL/ 1 MO 1 M 1 MMOMMO 1 O 1 OO 1 1 O I 1 1 MOMO 1 1 O 1 1 O 1 




UfyZa Saliva 


TPPPTPPTTPPPPTPTAPTAPPPA IMP 
I ooL/ 1 oU J J ooOU 1 o 1 Mo 1 MoooM II J o 




oerzD4 1 nr 


r*A A ATr^ooTAr^T AOA/^or^r* A Ar^c Ar^r^r^ A Ar^ a ao a a/^tota a Ar* a a 
UAAA 1 LrUU 1 AU 1 AUAooUUAAoUAoUUAAbAAoAAo 1 o 1 AAAoAA 




Af^T APT 
Mo I -MU 1 


PP AOAPTTPTTA A A AflT A PP AT ATTPPA A PATTA ATPPPPPA A A AT 
UoAoAo 1 1 o 1 1 AAAAlj 1 AoUA IAII ooAAoA 1 1 AA 1 UooUUAAAA 1 

A APP ATP APPPPPPAP A AT ATT AT A APTTT 
MMUUM 1 oMoLrOoLrUMUMM 1 M 1 1 M 1 MMo 1 I 1 






AIAIGCIACI 1 1 lAACA 


4703 




TGTTAAAAGTAGCATAT 


4704 


Triazine Resistant 


AGACI lAiAAiAl IGiGGCIGCiCACGGI lAI 1 1 IGGICGAI lAAl 


4705 


D1 Protein 


CTTCCAATATGCTAC 1 1 1 CAACAATTCTCGTTCTTTACACTTCTTCT 




Zea mays 


TGGCTGCTTGGCCTGTAGTAGGGATCTG 




Ser264Thr 


A A ' A ^^^^ A A A A rf*^ A ^N. A A A A A A ^^^^ J*>*x* AAA rf*^ A A 

CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 


4706 


AGT-ACT 


CGAGAATTGTTGAAAGTAGCATATTGGAAGATTAATCGACCAAAAT 
AACCGTGAGCAGCCACAATATTATAAGTCT 






AIAIGCIACI 1 ICAACA 


4707 




TGTTGAAAGTAGCATAT 


4708 


Triazine Resistant 


AAACI lACAACAl IGIAGCIGCICACGGI lAI 1 i IGGCCGAI IGAI 


4709 


ui notein 


TTTOOA ATATrr^TA/^ 1 1 1 /^A Ar> A ATTr^TO/^TTr' 1 1 1 Ar*A 1 1 1 r'TTr'TT 

1 1 1 UUAA 1 A 1 oO 1 AU 1 1 1 UAALrAA 1 1 L» 1 Uo M L> M 1 AOA M 1 U M L> 1 1 




Arabidopsis thaliana 


AGCGGCTTGGCCGGTAGTAGGTATTTG 




Ser264Thr 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 


4710 


AGT-ACT 


CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 






ATATGCTACTTTCAACA 


4711 




TGTTGAAAGTAGCATAT 


4712 
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Pftenotype, Gene, 
Piattl& Targeted 
Alteration 


Alterfug 01150$ 


,SEQ© 
: HO; 


Triazine Resistant 


AAACTTATAACATCGTAGCCGCTCATGGI lAI 1 1 IGGCCGATTGAT 


4713 


ni Prn+oin 


PTTPPAATATHPTAPTTTPAAPAAPTPTPnTTPnTTAPAPTTPTTPP 




NlCOuana laDaCUni 


T A PPTPPTTPPPPTriT A r^T A /^<^T ATPT^i 
1 AoU 1 oU 1 1 ooULr 1 o 1 Ao 1 Aoo 1 A 1 0 1 o 




oerzD4 1 nr 


A O AT A r^r^T A r^T A A /^r*r*r^ A A OP A PPT A PP A A A A OTPT A A PP A A 

LrAbA 1 AOLr 1 ALr 1 AuAbbULrAAoL/AUO 1 AbbAAbAAb 1 b 1 AAUbAA 




AfiT APT 


PP AP APTTPTTP A A APTAPPATATTPPA A/^ATPA ATPPPPPA A A A 

UbAbAb 1 1 b 1 1 bAAAb 1 AbUA I A 1 1 bbAAbA 1 UAA 1 ObbOUAAAA 

T A A PP ATP A PPPPPT A PPAT/^TT AT A A/^TTT 
1 AAUUA 1 bAbUbbLr 1 AbbA 1 b 1 1 A 1 AAb L 1 I 






ATATGCTACTTTCAACA 


4715 




TGTTGAAAGTAGCATAT 


4716 


Triazine Resistant 


AAACTTATAATATCGTAGCCGCTCATGG1 lAI 1 1 IGGCCGATTGAT 


4717 


D1 Protein 


CTTCCAATATGCTACTTTTAACAACTCTCGCTCTTTACATTTCTTCT 




rOpUIUS QdllOIQBS 


TAPPTPPTTPPPPTPTAPTAPPTATPTP 
1 Abb 1 bU 1 1 bbbU 1 b 1 Ab 1 Abb 1 A 1 b 1 b 




oerzD^ 1 nr 


A/^ ATAr*/^T Ar^T Af^ A/^OOr^ A A/^O AOr^TA AO A AP A A ATPTA A AO AP 

bAbA 1 Abb 1 Ab 1 AbAbbbbAAbbAbb I AAbAAbAAA 1 b 1 AAAbAb 


4/ To 


AfiT APT 


PP APAPTTPTTA A A APT APP AT ATTPP A AP ATP A ATPPPPP A A A AT 

bbAbAb M b M AAAAb 1 AbbA 1 A 1 1 bbAAbA 1 bAA 1 bbbbbAAAA 1 

A APPATPAPP/^PPTAP^ATATTATA A/^ 1 1 1 
AAbbA 1 bAbbbbb 1 AbbA 1 /\ 1 1 A I AAb 1 1 1 






AIAIGCIACI 1 1 lAACA 


4719 




TGTTAAAAGTAGCATAT 


4720 


Triazine Resistant 


AAACI lAIAAIAICGIAGCCGCICAIGGI lAI 1 1 IGGCCGAI IGAI 


4721 


ni Prnfain 


PTTPPAATATr^PTAPTTTPAAPAAPTPTPr^TTPr^TTAPAPTTPTTPP 




rBiunia X nyunua 


TAPPTPPTTPPPPTOTAPTAPPTATPTO 
1 Abb 1 bb 1 1 bbbb I b 1 Ao 1 Aob 1 A 1 U 1 b 




oerzDH 1 nr 


O AO ATAOOTAOT AO AOOPP A APP A PPT APP A AO A AOTOTA APP A A 

bAbA 1 Abb 1 Ab 1 AbAbbbbAAbbAbb 1 AbbAAbAAb I b 1 AAbbAA 


Ayoo 

HI LL 


AOT APT 


PPAP APTTPTTP A A APTAPP ATATTPP A AP ATPA ATPPPPPA A A A 

bbAbAb 1 1 b 1 1 bAAAb 1 AbbA I A 1 1 bbAAbA 1 bAA 1 bbbbbAAAA 

T A A PP ATP A PPPPPT A PP AT ATT AT A A PTTT 
i AAbbA 1 bAbbbbb 1 AbbA 1 A 1 lAIAAbI 1 1 






ATATGCTACTTTCAACA 


4723 




TGTTGAAAGTAGCATAT 


4724 


Triazine Resistant 


AAACTTATAATATCGTAGCTGCTCATGGTIAI 1 1 IGGCCGATTGAT 


4725 


ni Prnfoin 


PTTPP A AT ATPPT A PTTTP A A P A ATTPTPPTTP 1 1 1 APATTTPTTPP 
1 1 LfV-f AA 1 A 1 Kjy^ \ AO 1 1 1 OAAUAA 1 1 O 1 1 1 O 1 1 1 r\\jr\ \ I \ 




mdynoiid pyrdinludia 


TAPPTPPTTPPPPTPTAPTAPPTATPTP 
1 Abb I bb 1 1 bbbb 1 b 1 Ab 1 Abb 1 A 1 b 1 b 




oerzD^ I nr 


O AO ATAOOT AOT AO AOOOO A AOO AOOTAOO A AO A A ATOT A A AO A A 

bAbA 1 Abb 1 Ab 1 AbAbbbbAAbbAbb i AbbAAbAAA 1 b 1 AAAbAA 


4/ ZD 


AfJT APT 
Ao 1 -ALf 1 


OOAOA ATTOTTOA A A PTAOOATATTOO A AO ATO A ATOOOPP A A A AT 

bbAbAA 1 1 b 1 1 bAAAb 1 AbbA 1 A 1 1 bbAAbA 1 bAA 1 bbbbbAAAA 1 

A AOO ATO AOO AOOTAOO ATATT ATA AOTTT 

AAbbA 1 bAbbAbb 1 AbbA 1 A 1 1 A 1 AAb 1 1 1 






ATATGCTACTTTCAACA 


Mil 




TGTTGAAAGTAGCATAT 


4728 


Triazine Resistant 


AAACCIAIAAIAI IGIAGCAGCICAIGGI lAI 1 1 IGGCCGAI IGAI 


4729 


u\ rrotein 


C 1 1 CCAA 1 A 1 bC 1 AL» 1 1 1 UAAOAAU 1 C 1 Co 1 1 0 II 1 AOA 1 II CI 1 L>L> 




Medicago sativa 


TAGCTGCTTGGCCTGTAGTAGGTATCTG 




Ser264Thr 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 


4730 


AGT-ACT 


CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 
TAACCATGAGCTGCTACAATATTATAGGTTT 






AIAIGCIACI 1 ICAACA 


4731 




TGTTGAAAGTAGCATAT 


4732 
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PbeBo^pe, Sene, 


\ \ 


sea ID 




Atteratroi} . I 






Triazine Resistant 

D1 Protein 
Glycine max 


AAACCTATAATATTGTAGCTGCTCATGGTIAI 1 1 IGGCCGATTGAT 
LI 1 OGAATATCaOAAC \ \ FOAACAA 1 1 U 1 Ub 1 1 L> 1 1 1 AUA 1 1 1 0 1 1 U 1 
TAGCTGCTTGGCCTGTAGTAGGTATTTG 


4733 


Ser264Thr 
AGT-ACT 


A A A ' 1 1 '/^' 1 ' l '/^ AAA ^'11 '/^/^ A "T* A T'l'/^/^ A A A"T"^ A A"f*AN/^^^/^ AAA ATT 

CGAGAATTGTTGAAAGTTGCATATTGGAAGATCAATCGGGCAAAAT 
AACCATGAGCAGCTACAATATOTAGGTTT 


4734 




ATATGCAACTTTCAACA 


4735 




TGTTGAAAGTTGCATAT 


4736 


Triazine Resistant 
D1 Protein 
Brassica napus 


AAACTOCAACATTGTAGCTGCTCACGGTIAI 1 1 IGGCCGAl IGAI 
CTTCCAATATGCTACmCAACAATTCTCGTTCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 


4737 


Gly264Thr 
GGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 

/^/^ A A A 1 1 1 1 AAA ^^"T" A /^/^ A "T~ A ' 1 " 1 A A /*N A "T~/^ A A "T" A A A A T" 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4738 




ATATGCTACTTTCAACA 


4739 




TGTTGAAAGTAGCATAT 


4740 


Triazine Resistant 
D1 Protein 
Oryza sativa 


AAACI lAIAAIAI IGIGGCCGUICAIGGI lAI 1 1 IGGCCGAI lAAl 
CTTCCAATATGCTAC 1 1 1 1 AACAACTCTCGTTC 1 1 lACACTTCTTCT 
TGGCTGCTTGGCCTGTAGTAGGGATTTG 


4741 


Ser264Thr 
AGT-ACT 


CAAATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTAAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCGGCCACAATATTATAAGTTT 


4742 




AIAIGGIACI 1 1 lAACA 


4743 




TGTTAAAAGTAGCATAT 


4744 


Triazine Resistant 
D1 Protein 
Zea mays 


AGACTTATAATATTGTGGCTGCTCACGGTIAI 1 1 IGGICGAI lAAl 

CTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGGATCTG 


4745 


Ser264Thr 
AGT-ACT 


CAGATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATAnGGAAGATTAATCGACCAAAAT 
AACCGTGAGCAGCCACAATATOTAAGTCT 


4746 




ATATGCTACTTTCAACA 


4747 




TGTTGAAAGTAGCATAT 


4748 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 


AAACI lACAACAl IGIAGCIGCICACGGI lAI 1 1 IGGCCGAI IGAT 
TTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCTT 

AGCGGCTTGGCCGGTAGTAGGTAI 1 IG 


4749 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4750 




ATATGCTACTTTCAACA 


4751 




TGTTGAAAGTAGCATAT 


4752 
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^Alteration 


Alterirtg Oligo$ 


sea ID 




Triazine Resistant 
U1 rrotein 
Picea abies 


AAACCTACAATATTGTGGCTGCTCACGGTIAI 1 1 CGGCCGATTGAT 
L> I 1 UUAo 1 A 1 oL/ 1 At/ 1 1 1 UAAUAAU 1 L.L-UO 1 1 U 1 1 1 AUA 1 1 1 L> 1 1 0 1 
TAGCTGCTTGGCCCGTAGCAGGTATCTG 


4753 


Ser264Thr 
AGT-ACT 


CAGATACCTGCTACGGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 
CGGGAGTTGTTGAAAGTAGCATACTGGAAGATCAATCGGCCGAAA 
TAACCGTGAGCAGCCACAATATTGTAGGTTT 


4754 




GTATGCTACTTTCAACA 


4755 




TGTTGAAAGTAGCATAC 


4756 


Triazine Resistant 
D1 Protein 

Vicia faba 


AAACCTATAATATTGTAGCTGCTCACGGI lAI 1 1 IGGCGGATTGAT 
CTTCCAATATGCTACTTTCAACAATTCTCGCTCTTTACATTTCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4757 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAG 

/^/^ A A A '1 ' 1 — T/^ AAA ^"T" A /^/^ A T" A ' 1 " 1 'f^/^ A A A T/^ A A "T*/^ /^/^ A A A A T" 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATATTATAGGTTT 


4758 




ATATGCTACTTTCAACA 


4759 




TGTTGAAAGTAGCATAT 


4760 


Triazine Resistant 
D1 Protein 
Hordeum vulgare 


AGACI lAIAAIAI IGIGGUIGCICAIGGI lAI 1 1 IGGCCGAI lAAl 
0 1 1 OUAA 1 A 1 bU 1 AC 1 1 1 UAAOAAU 1 U 1 Ub 1 1 0 1 1 1 AUAU 1 1 L. I 101 
TGGCTGCTTGGCCTGTAGTAGGAATCTG 


4761 


Ser264Thr 

A OT" A r^T 

AGT-ACT 


CAGATTCGTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 

/^/^ A A Z^'l" 1'/*%' 1 1 '/^ AAA /^T" A /^/^ AT" AT — T^/^ A A A'l '1 ' A A "T"/^/^/^/^/^ AAA AT" 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCCACAATATTATAAGTGT 


4762 




AIAIGGIACI 1 ICAACA 


4763 




TGTTGAAAGTAGCATAT 


4764 


Triazine Resistant 
Dl Protein 
Triticum aestivum 


AAACTTATAATATTGTGGCTGCTCATGGTIAI 1 1 IGGCCGATTAAT 
U 1 1 L.UAA 1 A 1 bL. 1 AC 1 1 1 UAALAAU 1 L> 1 Ub 1 1 C M 1 ACAC 1 1 C 1 1 C 1 
TGGCTGCTTGGCCTGTAGTAGGAATCTG 


4765 


Ser264Thr 

A /^T A r^T 

AGT-ACT 


CAGATTCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 

/^^% A A\ A 1 AAA A ^%/^ AT A'l ■ '^^^^ A A ^\ A T"l " A A T"/^i^i^/^/^ AAA AT 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCCACAATATTATAAGTTT 


4766 




ATATGCTACTTTCAACA 


4767 




TGTTGAAAGTAGCATAT 


4768 


Triazine Resistant 
D1 Protein 
Vigna unguiculata 


AAACTTATAATATTGTAGCTGCTCATGGTIAI 1 1 1 GGCCGATTAATC 

TT/^/^ A ATAT/^OA A 1 1' 1'/^ A A A A'l l'0*TT^/^l 1/^1 1 1 ' A A ' i " '/^ 1 1 

TTCCAATATGCAAC 1 1 1 CAACAATTCTCGTTC 1 1 1 ACATTTCTTCCT 
AGCTGCTTGGCCTGTAGTAGGTATTTG 


4769 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTTGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCTACAATATTATAAGTTT 


4770 




ATATGCAACTTTCAACA 


4771 




TGTTGAAAGTTGCATAT 


4772 
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Pbenotype, Setie, 






















SEQID 

mi 


Plant & Targeted 

Alteration 


















..../i 


'"J .: 


Triazine Resistant 

Lotus japonicus 

Ser264Thr 

AGT-ACT 


AAACCTATAATATTGTAGCTGCTCACGGTIAI 1 1 IGGCCGATTGAT 
CTTCCAATATGCAACI 1 1 CAACAACI C 1 CG 1 ICJ 1 lACACTTCTTCT 
TAGCTGCTTGGCCTGTTGTAGGTATCTG 


4773 


CAGATACCTACAACAGGCCAAGCAGCTAAGAAGAAGTGTAAAGAA 

CGAGAGTTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATATTATAGGTTT 


4774 


ATATGCAACTTTCAACA 


4775 


TGTTGAAAGTTGCATAT 


4776 


Triazine Resistant 
D1 Protein 
Sinapis alba 
Ser264Thr 
AGT-ACT 


AAACTTACAACATTGTAGCTGCTCACGGl lAI 1 1 IGGCCGATTGAT 
CTTCCAATATGCTACTTTCAACAATTCTCGTrCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 


4777 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4778 


ATATGCTAC1 


TTCAACA 










4779 


TGTTGAAAGTAGCATAT 


4780 


Triazine Resistant 
u 1 rioiein 
Pisum sativum 
Ser264Thr 
AGT-ACT 


AAACCTATAATATTGTAGCTGCrCACGGI lAI 1 1 IGGCCGAI IGAI 
CTTCCAATATGCTACTTTCAACAATTCTCGCTCTTTACAI 1 ICTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4781 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAG 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATATTATAGGTTT 


4782 


ATATGCTAC1 


nrCAACA 










4783 


TGTTGAAAGTAGCATAT 


4784 


Triazine Resistant 
D1 Protein 
Spinacia oleracea 
Ser264Thr 
AGT-ACT 


AAACTTATAATATCGTAGCTGCTCATGGTTAI 1 1 IGGICGAI IGAI 
CTTCCAATATGCTACTTTCAACAACTCTCGTTCTTTACACTTCTTCT 
TAGCTGCTTGGCCTGTAGTAGGTAI 1 IG 


4785 


CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAGTGTAAAGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGACCAAAAT 

AACCATGAGCAGCTACGATATTATAAGTTT 


4786 


ATATGCTAC1 


nrcAACA 










4787 


TGTTGAAAGTAGCATAT 


4788 


Triazine Resistant 
U \ rroiein 
Nicotiana debneyi 
Ser264Thr 
AGT-ACT 


AAACI lAIAACAICGIAGCCGCICAIGGI lAl 1 1 IGGCCGATTGAI 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4789 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4790 


ATATGCTAC" 


nrcAACA 










4791 


TGTTGAAAGTAGCATAT 


4792 
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f»h0Bo^p£^ toe, ' 
Want & Targeted 
Alteration 


Alterfttg Oligos 


SEQID 
NO' 


Triazine Resistant 
\j\ rfotein 
Solanum nigrum 


AAAGTI'ArAATAICGTAGCCGCICAIGGI lAI 1 1 IGGCCGAI IGA) 

L» 1 1 ULrAA 1 A 1 oLr 1 AU 1 1 1 L/AAUAAU 1 Lr 1 1 1 1 1 AUAU M U 1 1 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4793 


Ser264Thr 

Ao 1 -Au 1 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

/^/^ A A /^T 1 'O'i'T/^ AAA ^"T" A AT" A 1 i A A O AT"^ A ATT^/^O/^^ A A A A 

OGAGAG TTG TT GAAAGTAGCATAT 1 GGAAGA 1 GAA 1 LGGOUAAAA 
TAACCATGAGCGGCTACGATATTATAAGTTT 


4794 




ATATGCTACTTTCAACA 


4795 




TGTTGAAAGTAGCATAT 


4796 


Triazine Resistant 
D1 Protein 

Nicotiana 


A A A — TATA A O A "T/^/^T A O/^OO/^T"/^ AT/^OT — r A "T — 1 — | — TOOO/^O ATT/^ AX 

AAACTTATAACATLGTAGCCGGTOAIGbTlAI 1 1 IGGULGAl IGAI 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4/9/ 


plumbaginifolia 

Ser264Tlir 

AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4798 




ATATGCTACTTTCAACA 


4799 




TGTTGAAAGTAGCATAT 


4800 



wo 01/92512 



PCT/USOl/17672 



-72- 



Example 6 

En gineering male- or female-sterile plants 

Flower development in distantly related dicot plant species is increasingly better understood 
and appears to be regulated by a family of genes which encode regulatory proteins. These genes include, 

5 for example, AGAMOUS {AG), APETALA1 {AP1), and APETALA3 {AP3) and PISTILLATA {PI) in 

Arabidopsis thaliana, and DEFICIENSA {DEFA), GLOBOSA (GLO), SQUAMOSA {SQUAl and PLENA 
{PLE) in Antirrhinum majus. Genetic studies have shown that the DEFA, GLO and AP3 genes are essential 
for petal and stamen development. Sequence analysis of these genes revealed that the gene products 
contain a conserved MADS box region, a DNA-binding domain. Using these clones as probes, MADS box 

1 0 genes have also been isolated from other species including tomato, tobacco, petunia, Brassica napus, and 
maize. 

Altering the expression of these genes results in altered floral morphology. For example, 
mutations in AP3 and PI result in male-sterile flowers because petals develop in place of stamens. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
1 5 used to generate site-specific mutations that confer altered floral structures in plants. 



Table 14 

Oligonucleotides to produce male-sterile plants 



20 


Ph0notyp0, C3ene, 
Plant & Targeted 
Alteration 


Altering Ollgos 


SEQ ID 
MO: 




Male-sterile 
AP3 

Arabidopsis ttialiana 


TTGTCCTCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAGA 
GAAGAATATGGCGTGAGGGAAGATCCAGATCAAGAGGATAGAGAA 
CCAGACAAACAGACAAGTGACGTATTCAA 


4801 


25 


ArgSTerm 
AGA-TGA 


1 IGAAIACGICACI IGICIGI 1 IGICIGGI ICTCTAICCICI IGAIC 
TGGATCnCCCTCACGCCATATTCTTCTCTCTTTGI 1 lAAICI 1 1 II 
GTTGAAGAGATTTGGTGGAGAGGACAA 


4802 






ATATGGCGIGAGGGAAG 


4803 






CTTCCCTCACGCCATAT 


4804 




Male-sterile 
APS 

Ambidopsis Uiafiana 


TCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGA 

ATATGGCGAGAGGGTAGATCCAGATCAAGAGGATAGAGAACCAGA 

CAAACAGACAAGTGACGTATTCAAAGAGAA 


4805 


30 


LysSTerm 
AAG-TAG 


1 ICIGI 1 IGAAIACGICACI IGICIGI 1 IGlCIGGi rCTCIAICCIC 
TTGATCTGGATCTACCCTCTCGCCATATTCTTCTCTCTTTGTTTAAT 
C 1 1 1 1 1 GTTGAAGAGATTTGGTGGAGA 


4806 






CGAGAGGGIAGATCCAG 


4807 
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CTGGATCTACCCTCTCG 


4808 


Male-sterile 
APS 

Arabidopsis thaliana 

Gln7Term 

CAG-TAG 


CCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGG 

CGAGAGGGAAGATCTAGATCAAGAGGATAGAGAACCAGACAAACA 

GACAAGTGACGTATTCAAAGAGAAGGAATG 


4809 


CAI ICCI ICICI 1 IGAAIACGICACI IGICIGI 1 IGICIGGI ICICI 
ATCCTCTTGATCTAGATCTTCCCTCTCGCCATATTCTTCTCTCI 1 IG 
TTTAATC II 1 II G II GAAGAGATTTGG 


4810 


GGAAGATCIAGATCAAG 


4811 


CTTGATCTAGATCTTCC 


4812 


Male-sterile 
APS 

Arabidopsis tfialiana 

Lys9Term 

AAG-TAG 


CTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGGCGAGAG 
GGAAGATCCAGATCTAGAGGATAGAGAACCAGACAAACAGACAAG 
TGACGTATTCAAAGAGAAGGAATGGI 1 lAT 


481 S 


AIAAACCAI ICCI ICICI 1 IGAAIACGICACI IGTCTGTT IGICIGG 
TTCTCTATCCTCTAGATCTGGATCTTCCCTCTCGCCATATTCTTCTC 

1 1 W 1 \J 1 m \ I WW 1 \J 1 r^yjrx 1 w 1 w w#A 1 w 1 1 www 1 W 1 W wWWr^ 1 ix 1 1 W 1 1 W 1 w 

TCTTTGTTTAATCI 1 1 1 IGI IGAAGAG 


4814 


TCCAGATCIAGAGGATA 


4815 


TATCCTCTAGATCTGGA 


4816 


Male-sterile 
APS 

Brassica oleiacea 

Lys23Term 

AAG-TAG 


AGAGGGAAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGA 
CAAGTGACGTATTCTTAGAGAAGAAATGGTTTGTTCAAGAAAGCTC 
ACGAGCTTACAG 1 1 1 1 ATGTGATGCTAGGG 


4817 


CCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTTGAACAA 
ACCATTTCTTCTCTAAGAATACGTCACTTGTCGGTTGGTCTGGTTC 
TCTATCCTCTTGATCTGGATCTTCCCTCT 


4818 


CGTATTCTTAGAGAAGA 


4819 


TCTTCTCTAAGAATACG 


4820 


Male-sterile 

Brassica oleracea 

Arg24Term 

AGA-TGA 


GGGAAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAA 
AGCTTACAGI 1 1 lAIGIGAIGCIAGGGI 1 1 


4821 


AAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTTGAA 
nAAAnnATTTnTTnAnTTAGAATAnRTnACTTGTCGGTTRGTCTGG 

wrWAwwrA 1 1 i w 1 1 wrtw 1 1 r\\Jr^r\ 1 r^Vw/VJ i w/^w 1 1 w 1 wv^w I 1 ww 1 w 1 ww 

TTCTCTATCCTCTTGATCTGGATCTTCCC 


4822 


ATTCTAAGTGAAGAAAT 


4823 


ATTTCTTCACTTAGAAT 


4824 


Male-sterile 
APS 

Brassica oleracea 

Arg25Term 

AGA-TGA 


AAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAAGTG 
ACGTATTCTAAGAGATGAAATGGTTTGTTCAAGAAAGCTCACGAGC 
TTACAGI 1 1 lAIGIGAIGCIAGGGI 1 ICGA 


4825 


TCGAAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTT 
GAACAAACCATTTCATCTCTTAGAATACGTCACTTGTCGGTTGGTC 
TGGTTCTCTATCCTCTTGATCTGGATCTT 


4826 


CTAAGAGAIGAAATGGT 


4827 


ACCAI 1 ICAICICI lAG 


4828 



wo 01/92512 



-74- 



PCT/USOl/17672 



Male-sterile 
AP3 

Brassica oleracea 

Leu28Term 

TTG-TAG 


TCAAGAGGATAGAGAACCAGACCAACCGACAAGTGACGTATTCTA 

AGAGAAGAAATGGTTAGTTCAAGAAAGCTCACGAGCTTACAGTTTT 

ATGTGATGCTAGGGTTTCGATTATCATGTT 


4829 


AACATGATAATCGAAACCCTAGCATCACATAAAACTGTAAGCTCGT 
GAGCTTTCTTGAACTAACCA 1 1 1 CTTCTCTTAGAATACGTCACTTGT 
CGGTTGGTCTGGTTCTCTATCCTCTTGA 


4830 


AAATGGTTAGTTCAAGA 


4831 


TCTTGAACIAACCATTT 


4832 


Male-sterile 
AP3 

Brassica napus 

Tyr21Term 

TAC-TAG 


GGCTCGAGGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAA 
CAGGCAGGTCACCTAGTCCAAGAGAAGAAATGGI 1 IGTTCAAGAA 
AGCACACGAGCTCTCTGTTCTCTGTGATGCT 


4833 


AGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAAACC 

AmCTTCTCTTGGACTAGGTGACCTGCCTGTTTGTTTGGTTCTCTA 

TCCTCTTAATCTGGATCTTCCCTCGAGCC 


4834 


GTCACCTAGTCCAAGAG 


4835 


CTCTTGGACTAGGTGAC 


4836 


Male-sterile 

Ar 0 

Brassica napus 

Lys23Terni 

AAG-TAG 


CGAGGGAAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGG 
ACGAGCTCTCTGTTCTCTGTGATGCTAAAG 


4837 


CTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTGAACAA 
ACCATTTCTTCTCTAGGAGTAGGTGACCTGCCTGTTTGTTTGGTTC 
TCTATCCTCTTAATCTGGATCTTCGCTCG 


4838 


GCTACTCCTAGAGAAGA 


4839 


TCTTCTCTAGGAGTAGG 


4840 


Male-sterile 
AP3 

Brassica napus 

Arg24Term 

AGA-TGA 


GGGAAGATCGAGATTAAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGTGAAGAAATGGTTTGTTCAAGAAAGCACACG 
AGCTCTCTGTTCTCTGTGATGCTAAAGTTT 


4841 


AAACTTTAGCATGACAGAGAACAGAGAGCTCGTGTGCnTCTTGAA 
CAAACCATTTCTTCACTrGGAGTAGGTGACCTGCCTGTTTGTTTGG 
TTCTCTATCCTCTTAATCTGGATCTTCCC 


4842 


ACTCCAAGIGAAGAAAT 


4843 


AIM CTTCACTTGGAGT 


4844 


Male-sterile 
AP3 

Brassica napus 

Arg25Term 

AGA-TGA 


AAGATCCAGATTAAGAGGATAGAGAACCAAACAAACAGGCAGGTC 
ACCTACTCCAAGAGATGAAATGG 1 1 1 GTTCAAGAAAGCACACGAGC 
TCTCTGTTCTCTGTGATGCTAAAGTTTCCA 


4845 


TGGAAACTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTT 
GAACAAACCATTTCATCTCTTGGAGTAGGTGACCTGCCTGTTTGTT 
TGGTTCTCTATCCTCTTAATCTGGATCTT 


4846 


CCAAGAGAIGAAATGGT 


4847 


ACCATTTCATCTCTTGG 


4848 
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Male-Sterile 
DEFA 

Antirrhinum majus 

ArgSTerm 

CGA-TGA 


GGAGAGAAAGGAAAeCTGGAAGAAGAAAACAAGAeCAGTAGTCaGI 
AGTGGTTCGATGGCTTGAGGGAAGATCCAGATTAAGAGGATAGAG 
AACCAAACAAACAGGCAGGTCACCTACTCCA 


4849 


IGGAGIAGGIGACCIGCCIGI 1 IGI 1 IGGI ICICIAICCICI lAAl 
CTGGATCnCCCTCAAGCCATCGAACCACTACCACTACTGCTCTTG 
1 1 1 ICTTCTTCCAGCTTTCCTTTCTCTCC 


4850 


CGAIGGCTTGAGGGAAG 


4851 


Lr 1 1 LrOU 1 UAAvjOOA I Ob 




Male-sterile 
DEFA 

Ly lot f\ 

Antirrhinum majus 

LysSTerm 

AAG-TAG 


AAA /^/^ AAA A A A A A A A A A A A i^/^ A /^"T* A /^T*/^/^"!" A /^TP/^/^T* 

AAAGGAAAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGT 
TCGATGGCTCGAGGGTAGATCCAGATTAAGAGGATAGAGAACCAA 
ACAAACAGGCAGGTCACCTACTCCAAGAGAA 


4853 


1 ICICI IGGAGIAGGIGACCIGCCIGI 1 IGI 1 IGGI ICICIAICCI 
CTTAATCTGGATCTACCCTCGAGCCATCGAACCACTACCACTACTG 
CTCTTGI 1 1 ICTTCTTCCAGCTTTCCTTT 


4854 


CTCGAGGGIAGATCCAG 


4855 


CTGGATCTACCCTCGAG 


4856 


Male-sterile 
DEFA 

Antirrhinum majus 

Gln7Term 

CAG-TAG 


AAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATG 
GCTCGAGGGAAGATCTAGATTAAGAGGATAGAGAACCAAACAAAC 
AGGCAGGTCACCTACTCCAAGAGAAGAAATG 


4857 


CAI 1 ICI ICICI IGGAGIAGGIGACCIGCCIGI 1 IGI 1 IGGI ICIC 
TATCCTCTTAATCTAGATCTTCCCTCGAGCCATCGAACCACTACCA 
CTACTGCTCTTGI 1 1 1 CTTCTTCCAGCTT 


4858 


GGAAGATCIAGATTAAG 


4859 


OTT A A T/^T A O A TATTOO 

U 1 1 AA 1 U 1 AvjA 1 Lr M OU 


4oDU 


Male-sterile 
DEFA 

Antirrhinum majus 

LysQTerm 

AAG-TAG 


GAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGTTCGATGGCTGGA 
GGGAAGATCCAGATTIAGAGGATAGAGAACCAAACAAACAGGCAG 
GTCACCTACTCCAAGAGAAGAAATGGI 1 IGT 


4861 


ACAAACCAII ICI ICICI IGGAGIAGGIGACCIGCCIGI 1 IGI 1 IG 
GTTCTCTATCCTCTAAATCTGGATCTTCCCTCGAGCCATCGAACCA 

1 I I X^ 1 # 1 1 1 1 * ml U \ 1 | X^ • ■ %^ 1 ■ X^ X^ X^ 1 X^ X^* Xi# XnT/ » 1 X^ M »Xi^ X^/ 1 

CTACCACTACTGCTCTTGTnTCTTCTTC 


4862 


TCCAGATTTAGAGGATA 


4863 


TATCCTCTAAATCTGGA 


4864 


Male-sterile 
APS 

Nicotiana tabacum 

LysSTerm 

AAG-TAG 


TCAGTAATTCTTAAGATCTCAAACTTTGAGCAAAAAGAAAAAAAAAC 
TATGGCTCGTGGGTAGATCCAGATCAAGAGAATAGAGAACCAAAC 

1 # m 1 X^ X^ 1 X^ X^ 1 X^ X^ X^ 1 # 1 X^# \ 1 X^^ X^/ * X^* » • X^ * 1* » * X^* W % I # * X^# 1 X^# If %X^ X^* W *f m X^ 

AAACAGACAAGTCACTOTTCTAAGAGAA 


4865 


1 ICICI lAGAAIAAGIGACI IGICIGI 1 IGI 1 IGGI ICICIAI ICIC 
TTGATCTGGATCTACCCACGAGCCATAGI 1 1 II 1 1 1 ICI 1 1 1 IGCTC 
AAAGTTTGAGATCTTAAGAATTACTGA 


4866 


CTCGTGGGTAGATCCAG 


4867 


CTGGATCTACCCACGAG 


4868 
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Male-Sterile 
AP3 

Nicotians tabacum 

GInZTerm 

CAG-TAG 


A 1 1 /^TTA A ATT/^T/^ A A A/^TTX/^ A AAAAA/^AAAAAAAAA /^T AlT/^/^O 

A 1 1 0 II AAbATO 1 UAAAuTTTbAbUAAAAAbAAAAAAAAAGTATbbU 
TCGTGGGAAGATCTAGATCAAGAGAATAGAGAACCAAACAAACAGA 
CAAGTCACTTATTCTAAGAGAAGAAATG 




CAI 1 ICI ICICI lAGAAIAAGIGACI IGICIGI 1 IGI 1 IGGI ICICI 
ATTCTCTTGATCTAGATCTTCCCACGAGCCATAGI 1 1 1 1 1 1 1 ICTTT 
TTGCTCAAAGTTTGAGATCTTAAGAAT 


4870 


GGAAGATCTAGATCAAG 


4871 


CTTGATCTAGATCTTCC 


4872 


Male-sterile 
AP3 

Nicotiana tabacum 

Lys9Term 

AAG-TAG 


A A/^ AT/^XO A A A^ 1 1 1 /^AO^ A AAA AOA A A A A A A A A/^TA"r/^0/-»T/*^^T/-* 

AAbA 1 U 1 UAAAO 1 1 1 GAbL/AAAAAbAAAAAAAAAUTATbbL. ibbTb 

ggaagatccagatctagagaatagagaaccaaacaaacagacaagt 
cac™ttctaagagaagaaatggacttt 


4873 


AAAGTCCAmCTTCTCTTAGAATAAGTGACTTGTCTGTTTGTTTGG 
TTCTCTATTCTCTAGATCTGGATCTTCCCACGAGCCATAGI 1 1 1 1 1 1 
TTCI 1 1 1 IGCTCAAAGTTTGAGATCTT 


4874 


TCCAGATCIAGAGAATA 


4875 


TATTPTPTA<t;ATPT<^<^A 
1 A 1 1 Li 1 U 1 MoA 1 L» 1 VjuA 


Ho / D 


Male-sterile 
AP3 

Nicotiana tabacum 

ArglOTerm 

AGA-TGA 


AT^T/^ AAA O 1 1 1 A /^/^ AAAAA/^AAAAAAAAA ^T" ATOOOTO/^TZ-^O/"* A 

ATCTCAAAUl 1 1 bAbOAAAAAbAAAAAAAAAGTATGGCTCblGGGA 
AGATCCAGATCAAGTGAATAGAGAACCAAACAAACAGACAAGTCAC 
TTATTCTAAGAGAAGAAATGGACI 1 1 ICA 


4877 


TGAAAAGTCCATTTCTTCTCTTAGAATAAGTGACTTGTCTGTTTGTT 
TGGTTCTCTATTCACTTGATCTGGATCTTCCCACGAGCCATAGTTT 
1 1 1 1 1 ICI 1 1 1 IGCTCAAAGTTTGAGAT 


4878 


AGATCAAGTGAATAGAG 


4879 


CTCTATTCACTTGATCT 


4880 


Male-sterile 
AP3 

Medicago sativa 

Tyr21Term 

TAC-TAG 


bbO 1 UbAbbAAAbA 1 LCAbAl OAAbAbAAl AbAbAAOAOAAobAA 
CAGACAAGTAACTTAGTCAAAACGAAGGGATGGTCI 1 1 ICAAGAAG 
GCCAATGAGCTCACTGTTCTTTGTGATGCT 


4oo1 


AGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGACGA 
TCCCTTCGTTTTGACTAAGTTACTTGTCTGTTCGTTGTGTTCTCTAT 
TCTCTTGATCTGGATCI 1 ICCTCGAGCC 


4882 


GTAACTTAGTCAAAACG 


4883 






Male-sterile 
AP3 

Medicago sativa 

Ser22Term 

TCA-TGA 


/^T/^/^ A /^/^ AAA A T"/^/^ A A T/^ A A A A A T A A A A A A A /^/^ A A A 

CTCGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACA 
GACAAGTAACTTACTGAAAACGAAGGGATGGTCl 1 1 ICAAGAAGGC 
CAATGAGCTCACTGTTCTTTGTGATGCTAA 


4885 


TTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAGAC 
CATCCCTTCGI 1 1 ICAGTAAGTTACTTGTCTGTTCGTTGTGTTCTCT 
ATTCTCTTGATCTGGATCTTTCCTCGAG 


4886 


AACTTACTGAAAACGAA 


4887 


1 ICGi 1 1 ICAGIAAGI 1 


4888 
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Male-sterile 
AP3 

Medicago sativa 

Lys23Term 

AAA-TAA 


OoAoUAAAoA 1 OOAuiA 1 UAAoAUAA 1 AoAoAALrALrAAOoAAUAoA 

CAAGTAACTTACTCATAACGAAGGGATGGTCI 1 1 ICAAGAAGGCCA 
ATGAGCTCACTGTTCTTTGTGATGCTAAGG 


HOO\3 


CCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAAAAG 
ACCATCCCTTCGTTATGAGTAAGTTACTTGTCTGTTCGTTGTGTTCT 
CTATTCTCTTGATCTGGATCTTTCCTCG 


4890 


CTTACTCAIAACGAAGG 


4891 




48Q2 


Male-sterile 
AP3 

Medicago sativa 

Arg24Term 

CGA-TGA 


pr^A A AriATPPArilATPA A/^A/^A ATAriAfiA APAPA AP^A APArriAPA A 
UUAAAoA I L/LfAUA 1 UAAoAv^AA I AoAoAAUAOAAULjAALtAoAUAA 

GTAACTTACTCAAAATGAAGGGATGGTCI 1 1 1 CAAGAAGGCCAATG 
AGCTCACTGTTCTTTGTGATGCTAAGGTTT 




AAACCTTAGCATCACAAAGAACAGTGAGCTCATTGGCCTTCTTGAA 
AAGACCATCCCTTCAI 1 1 1 GAGTAAGTTACTTGTCTGTTCGTTGTGT 
TCTCTATTCTCTTGATCTGGATCTTTCC 


4894 


ACTCAAAATGAAGGGAT 


4895 


A 1 UUU 1 1 L»A 1 1 1 1 tjAb 1 


4oyD 


Male-sterile 
DEF4 

Solanum tuberosum 

Tyr21Term 

TAT-TAG 


TW^T^/^Tr-r^T A A r^'KTr^r" a a T/^ a AT^'A"A a ATA/^AAAAr^r^AAAr^AAAT 
UoO 1 0<j 1 oo 1 AAoA 1 OUAoA 1 UAAoAAAA 1 AoAAAAUoAAAUAAA 1 

AGGCAAGTGACTTAGTCAAAGAGAAGAAATGGGCTATTCAAGAAG 
GCTAATGAACTTACAGTTCTTTGTGATGCT 


4oy/ 


AGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGCCCA 
TTTCTTCTCTTTGACTAAGTCACTTGCCTATTTGTTTGGI 1 1 ICTATT 
TTCTTGATCTGGATCTTACCACGAGCC 


4898 


GTGACTTAGTCAAAGAG 


4899 


nTCTTTRACTAARTnAC 


4900 


Male-sterile 

DEF4 

Solanum tuberosum 

Ser22Term 

TCA-TGA 


PTPCTr^r^TAA/^ATPPArSATPAAfiAAAATArSAAAAPPAAAPAAATAri 
\j 1 OU 1 OVj 1 AAoA 1 OOAoA 1 OAAVjAAAA 1 AVjAAr\AL»OAAAOAAA 1 Ao 

GCAAGTGACTTATTGAAAGAGAAGAAATGGGCTATTCAAGAAGGCT 
AATGAACTTACAGTTCI 1 IGTGATGCTAA 


'fyu 1 


TTAGCATCACAAAGAACTGTAAGTTC/^TTAGCCTTCTTGAATAGCC 
CATTTCTTCTCTTTCAATAAGTCACTTGCCTATTTGTTTGGI 1 1 ICTA 
1 1 1 ICTTGATCTGGATCTTACCACGAG 


4902 


GACTTAHGAAAGAGAA 


4903 


1 lUIOl 1 lOAAIAAbIL 




Male-sterile 
DEF4 

Solanum tuberosum 

Lys23Term 

AAG-TAG 


rr'T^^TA Ar' ATrT" Ar'ATr'A a^ a a a ata^a a a a^^pa a apa a ATA/^r'P 
Uo 1 bo 1 AAoA 1 L-OAoA 1 UAAvjAAAA 1 AoAAAAUUAAAUAAA 1 AooU 

AAGTGACTTATTCATAGAGAAGAAATGGGCTATTCAAGAAGGCTAA 
TGAACTTACAGTTCTTTGTGATGCTAAAG 


4yuo 


CTTTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAATAGC 
CCATTTCTTCTCTATGAATAAGTCACTTGCCTATTTGTTTGGI IMC 
TAI 1 1 ICTTGATCTGGATCTTACCACG 


4906 


CTTATTCAIAGAGAAGA 


4907 


TCTTCTCTATGAATAAG 


4908 
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Male-Sterile 
DEF4 

Solanum tuberosum 

Arg24Term 

AGA-TGA 


/^/^T A A A T"^/^ A A A A A A A A "P A A A A A AAA A A A T" A /^y^/^ A A 

GGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGCAAG 
TGACTTATTCAAAGTGAAGAAATGGGCTATTCAAGAAGGCTAATGA 
ACTTACAGTTCTTTGTGATGCTAAAGTTT 


A HAH 

4909 


AAACI 1 lAGCAICACAAAGAACIGIAAGI ICAI lAGCCI ICI IGAAI 
AGCCCAI 1 ICI ICACI 1 IGAAIAAGICACI IGCCIAI 1 IGTTTGGTT 
nCTAI 1 1 ICTTGATCTGGATCTTACC 


4910 


ATTCAAAGIGAAGAAAT 


4911 


ATTTCTTCACTTTGAAT 


4912 


Male-sterile 
APS 

Lycopersicon 
esculentum 
Gly27Term 
GGA-TGA 


GO 1 AA 1 bAAU 1 1 AU 1 b 1 1 U 1 1 lb! bA 1 bU 1 AAAb 1 1 1 UAA 1 I b 1 1 A 1 

GATTTCTAGTACTTGAAAACTTCATGAGTTTATAAGTCCCTCTATCA 

CGACCAAACAATTGTTCGATCTGTACC 




GGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTATAAA 
CTCATGAAGTTTTCAAGTACTAGAAATCATAACAATTGAAACTTTAG 
CATCACAAAGAACAGTAAGTTCATTAGC 


4914 


CTAGTACTTGAAAACTT 


4915 


A A /"^TTTT n A A r^T A A 

AAo 1 1 1 1 OAAo 1 AU 1 


4y 1 D 


Male-sterile 
AP3 

/VI \J 

Lycopersicon 
esculentum 
Lys28Term 
AAA-TAA 


A A T"/^ A A 1 1 ' A /^T'i^"!'"!"/^' 1 I 1 'i^T*/^ A ~t"^N/^"T" AAA 1 11 '/^ A A "1 " I '/^ 1 1 ' A T"/^ A T" 

AATGAACTTACTGTTC 1 II b 1 bA 1 bU 1 AAAb 1 1 1 CAATTGTTATGAT 

TTCTAGTACTGGATAACTTCATGAGTTTATAAGTCCCTCTATCACGA 

CCAAACAATTGTTCGATCTGTACCAGA 


4917 


TCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTAT 
AAACTCATGAAGTTATCCAGTACTAGAAATCATAACAATTGAAACTT 
TAGCATCACAAAGAACAGTAAGTTCATT 


4918 


GTACTGGATAACTTCAT 


4919 


ATGAAGTTATCCAGTAC 


4920 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Glu31Term 
GAG-TAG 


ACTGTTCl 1 1 GTGATGCTAAAG 1 1 ICAATTGTTATGAI 1 ICTAGTAC 

TGGAAAACTTCATTAGTTTATAAGTCCCTCTATCACGACCAAACAAT 

TGTTCGATCTGTACCAGAAGACTATTG 


4921 


CAAIAGICI ICIGGIACAGAICGAACAAI IGI 1 IGGICGIGAIAGA 
GGGACTTATAAACTAATGAAGI 1 1 1 CCAGTACTAGAAATCATAACAA 
TTGAAACTTTAGCATCACAAAGAACAGT 


4922 


AACI ICAIiAGI 1 lAIA 


4923 


TATA A A OTA AT/^ A AOTT 

1 A 1 AAALr 1 AA 1 b AAb 1 1 


ACkOA 

4yz4 


Male-sterile 
AP3 

Lycopersicon 
esculentum 
Lys40Term 
AAA-TAA 


ATTGTTATGATTTCTAGTACTGGAAAACTTCATGAGTTTATAAGTCC 
CTCTATCACGACCTAACAATTGTTCGATCTGTACCAGAAGACTATT 
GGAGTTGATAI 1 1 GGACTACTCACTATG 


4925 


CATAGTGAGTAGTCCAAATATCAACTCCAATAGTCTTCTGGTACAG 
ATCGAACAATTGTTAGGTCGTGATAGAGGGACTTATAAACTCATGA 
AGI 1 1 1 CCAGTACTAGAAATCATAACAAT 


4926 


TCACGACCIAACAATTG 


4927 


CAATTGTTAGGTCGTGA 


4928 
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Male-sterile 
APS 

Triticum aestivum 

Tyr21Term 

TAC-TAG 


GGGGCGGGGGAAGATTGAGATAAAGCGGATCGAGAACGCCACCA 
ACAGGCAGGTGACCTAGTCCAAGCGCCGGTCGGGGATCATGAAG 
AAGGCGCGGGAGCTCACCGTGCTCTGCGACGCC 


4929 


GGCGTCGCAGAGCACGGTGAGCTCCCGCGCCTTCTTCATGATCC 
CCGACCGGCGCTTGGACTAGGTCACCTGCCTGTTGGTGGCGTTC 
TCGATCCGCTTTATCTCAATCTTCCCCCGCCCC 


4930 


GTGACCTAGTCCAAGCG 


4931 


CGCTTGGACTAGGTCAC 


4932 


Male-sterile 

ArO 

Triticum aestivum 

Lys23Term 

AAG-TAG 


CGGGGGAAGATTGAGATAAAGCGGATCGAGAACGCCACCAACAG 

oUAUo 1 oAUU 1 AU I 1 AoUoLrOoLj 1 LrOOOoA 1 UA 1 oAAoAAoo 

CGCGGGAGCTCACCGTGCTCTGCGACGCCCAGG 


4933 


CCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGCCTTCTTCATG 
GTTCTCGATCCGCI 1 1 ATCTCAATCTTCCCCCG 


4934 


CCTACTCCIAGCGCCGG 


4935 


CCGGCGCTAGGAGTAGG 


4936 


Male-sterile 
APS 

r\i \j 

Triticum aestivum 

Ser26Term 

TCG-TAG 


TTGAGATAAAGCGGATCGAGAACGCCACCAACAGGCAGGTGACCT 
ACTCCAAGCGCCGGTAGGGGATCATGAAGAAGGCGCGGGAGCTC 
ACCGTGCTCTGCGACGCCCAGGTCGCCATCAT 


4937 


ATGATGGCGACCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGC 
CTTCTTCATGATCCCCTACCGGCGCTTGGAGTAGGTCACCTGCCT 

1 1 1 1 \ 1 * 1 ■ i VVX XX ^X XX XX XX • 1 X^ XX # * XX 1 i IXX X^ I XX/ •XX XX 1 X^ XX XX ■ 

GTTGGTGGCGTTCTCGATCCGCTTTATCTCAA 


4938 


GCGCCGGTAGGGGATCA 


4939 


TGATCCCCIACCGGCGC 


4940 


Male-sterile 
APS 

Triticum aestivum 

LysSOTerm 

AAG-TAG 


CGGATCGAGAACGCCACCAACAGGCAGGTGACCTACTCCAAGCG 
CCGGTCGGGGATCATGTAGAAGGCGCGGGAGCTCACCGTGCTCT 
GCGACGCCCAGGTCGCCATCATCATGTTCTCCT 


4941 


AGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACGGTG 
ARnTnrrnrrirrTTrTAnATRATnnnnRArrf^nnRnTTRfiAfiTA 

GGTCACCTGCCTGTTGGTGGCGTTCTCGATCCG 


4942 


GGATCATGIAGAAGGCG 


4943 


CGCCTTCTACATGATCC 


4944 


Male-sterile 

Ol\i\y 1 

Zea mays 

Tyr21Term 

TAC-TAG 


GGGGCGCGGCAAGATCGAGATCAAGCGGATCGAGAACGCCACCA 
AAGGCACGCGAGCTCACCGTGCTCTGCGACGCC 


4945 


GGCGTCGCAGAGCACGGTGAGCTCGCGTGCCTTCTTCATGATCC 
CCGTCCGGCGCTTGGACTAGGTCACCTGGCGGTTGGTGGCGTTC 
TCGATCCGCTTGATCTCGATCTTGCCGCGCCCC 


4946 


GTGACCTAGTCCAAGCG 


4947 


CGCTTGGACTAGGTCAC 


4948 
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Male-Sterile 

ollKy 1 

Zea mays 

Lys23Term 

AAG-TAG 


CGCGGCAAGATCGAGATCAAGCGGATCGAGAACGCCACCAACCG 
CACGCGAGCTCACCGTGCTCTGCGACGCCCAGG 


4949 


CCTGGGCGTCGCAGAGCACGGTGAGCTCGCGTGCCTTCTTCATG 
GTTCTCGATCCGCTTGATCTCGATCTTGCCGCG 


4950 


CCTACTCCTAGCGCCGG 


4951 


CCGGCGCTAGGAGTAGG 


4952 


Male-sterile 
Silkyi 
Zea mays 
Lys30Term 
AAG-TAG 


CGGATCGAGAACGCCACCAACCGCCAGGTGACCTACTCCAAGCG 
CCGGACGGGGATCATGTAGAAGGCACGCGAGCTCACCGTGCTCT 
GCGACGCCCAGGTCGCCATCATCATGTTCTCCT 


4953 


AGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACGGTG 

AGCTCGCGTGCCTTCTACATGATCCCCGTCCGGCGCTTGGAGTAG 

GTCACCTGGCGGTTGGTGGCGTTCTCGATCCG 


4954 


GGATCATGTAGAAGGCA 


4955 


TGCCTTCTACATGATCC 


4956 


Male-sterile 
Silkyi 
Zea mays 
LysSITerm 
AAG-TAG 


ATCGAGAACGCCACCAACCGCCAGGTGACCTACTCCAAGCGCCG 
GACGGGGATCATGAAGTAGGCACGCGAGCTCACCGTGCTCTGCG 
ACGCCCAGGTCGCCATCATCATGTTCTCCTCCA 


4957 


TGGAGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACG 

KJ 1 vjr\Ov-» 1 OvJOO 1 1 M\-» 1 1 Or\ i OM 1 00wv-»O i 00VJV30VJ0 1 1 OvUrt 

GTAGGTCACCTGGCGGTTGGTGGCGTTCTCGAT 


4958 


TCATGAAGTAGGCACGC 


4959 


GCGTGCCTACTTCATGA 


4960 


Male-sterile 
APS 

Oryza sativa 

Lys5Term 

AAG-TAG 


GCTAGGTGCATTGTCCGGCGAGAGAGATAGCTGCTGCAGGGGGC 
GGCCATGGGGAGGGGCTAGATCGAGATCAAGCGGATCGAGAACG 
CGACCAACAGGCAGGTGACCTACTCGAAGCGCC 


4961 


GGCGCTTCGAGTAGGTCACCTGCCTGTTGGTCGCGTTCTCGATCC 

GCTTGATCTCGATCTAGCCCCTCCCCATGGCCGCCCCCTGCAGC 

AGCTATCTCTCTCGCCGGACAATGCAGCTAGC 


4962 


GGAGGGGCTAGATCGAG 


4963 


CTCGATCTAGCCCCTCC 


4964 


Male-sterile 

Oryza sativa 

Giu7Tenn 

GAG-TAG 


TGCATTGTCCGGCGAGAGAGATAGCTGCTGCAGGGGGCGGCCAT 
GRRRAGRfiGnAARATCTAfiATnAAGCRRATCGAGAACGnGACnA 
ACAGGCAGGTGACCTACTCGAAGCGCCGCACGG 


4965 


CCGTGCGGCGCTTCGAGTAGGTCACCTGCCTGTTGGTCGCGTTCT 
CGATCCGCTTGATCTAGATCTTGCCCCTCCCGATGGCCGCCCCCT 
GCAGCAGCTATCTCTCTCGCCGGACAATGCA 


4966 


GCAAGATCTAGATCAAG 


4967 


CTTGATCTAGATCTTGC 


4968 
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Male-sterile 
APS 

Oryza sativa 


GTCCGGCGAGAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGA 
GGGGCAAGATCGAGATCTAGCGGATCGAGAACGCGACCAACAGG 
CAGGTGACCTACTCGAAGCGCCGCACGGGGATCA 


4969 


LysQTerm 
MG-TAG 


TGATCCCCGTGCGGCGCTTCGAGTAGGTCACCTGCCTGTTGGTC 

GCGTTCTCGATCCGCTAGATCTCGATCTTGCCCCTCCCCATGGCC 

GCCCCCTGCAGCAGCTATCTCTCTCGCCGGAC 


4970 




TCGAGATCTAGCGGATC 


4971 




GATCCGCTAGATCTCGA 


4972 


Male-sterile 

ArO 

Oryza sativa 


GAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGAGGGGCAAGA 
ACTCGAAGCGCCGCACGGGGATCATGAAGAAGG 


4973 


Glu12Term 
GAG-TAG 


CCTTCTTCATGATCCCCGTGCGGCGCTTCGAGTAGGTCACCTGCC 

TGTTGGTCGCGTTCTAGATCCGCTTGATCTCGATCTTGCCCCTCC 

CCATGGCCGCCCCCTGCAGCAGCTATCTCTC 


4974 




AGCGGATCIAGAACGCG 


4975 




CGCGTTCTAGATCCGCT 


4976 


Table 15 

Oligonucleotides to produce male-sterile plants 


Ptrenotype, Oene, 




SEQID 
NO: 


Plant & Targeted 
Alteration 


Aftering Oligos 


Male-sterile 
AG 

Arabidopsis ttialiana 


ICIGIACIAAICAAAI 1 1 IGCCCIAAACGI 1 1 1 IGGCI 1 IGGAGCA 
GCAATCACGGCGTAGCAATCGGAGCTAGGAGGAGATTCCTCTCC 
CTTGAGGAAATCTGGGAGAGGAAAGATCGAA 


4977 


TyrSSTerm 
TAG-TAG 


TTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCCT 
CCTAGCTCCGATTGCTACGCCGTGATTGCTGCTCCAAAGCCAAAA 
ACGI 1 lAGGGCAAAATTTGATTAGTACAGA 


4978 




ACGGCGTAGCAATCGGA 


4979 




TCCGATTGCTACGCCGT 


4980 


Male-steriie 
AG 

Arabidopsis tlialiana 


CTGTACTAAICAAAI 1 1 IGCCCIAAACGI 1 1 1 IGGCI 1 IGGAGGAG 
CAATCACGGCGTACTAATCGGAGCTAGGAGGAGATTCCTCTCCCT 

TGAGGAAATCTGGGAGAGGAAAGATCGAAA 


4981 


Gln36Term 
CAA-TAA 


1 1 ICGAICI 1 ICCICICCCAGAI 1 1 CC 1 CAAGGGAGAGGAA 1 C 1 CC 
TCCTAGCTCCGATTAGTACGCCGTGATTGCTGCTCCAAAGCCAAA 
AACGTTTAGGGCAAAATTTGATTAGTACAG 


4982 




CGGCGTACIAATCGGAG 


4983 




CTCCGATTAGTACGCCG 


4984 
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Plarti^ Targeted 
Alteration 


• : AHeriftg Oligo$ X 

. .v^^^^M^^M^^^S 


SE^ID 










Male-sterile 
AG 

Arabidopsis thaliana 


AC 1 AA 1 CAAA 1 1 1 1 UCCC 1 AAACG 1 1 N 1 GGG 1 1 1 GGAGGAGCAA 1 
CACGGCGTACCAATAGGAGCTAGGAGGAGATTCCTCTCCCTTGA 
GGAAATCTGGGAGAGGAAAGATCGAAATCAA 


4985 


5 


Ser37Term 
TCG-TAG 


TTGATTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAAT 
CTCCTCCTAGCTCCTATTGGTACGCCGTGATTGCTGCTCCAAAGC 
CAAAAACGTTTAGGGCAAAATTTGATTAGT 


4986 






GTACCAATAGGAGCTAG 


4987 






CTAGCTCCIATTGGTAC 


4988 




Male-sterile 
AG 

Arabidopsis thaliana 


I AA 1 CAAA 1 1 1 1 GCGCTAAACG 1 1 1 1 1 GGC 1 1 1 GGAGCAGCAATGA 
GGGCGTAGCAATGGTAGGTAGGAGGAGATTGGTGTCGCTTGAGGA 

AATCTGGGAGAGGAAAGATGGAAATCAAAG 


4989 


10 


Glu38Term 
GAG-TAG 


Gl 1 IGAI 1 IGGAIGI 1 1 GG 1 G 1 GGGAGA 1 1 1 GG 1 GAAGGGAGAGGA 

ATCTCCTCCTAGCTACGATTGGTACGCCGTGATTGCTGCTCCAAA 

GCCAAAAACGTTTAGGGCAAAATTTGATTA 


4990 






ACCAATCGIAGCTAGGA 


4991 


• 




TCCTAGCTACGATTGGT 


4992 




Male-sterile 
AG 

Brassica napus 


CTCTCGGAGI IG) 1 1 IGGGFGGI 1 lAI IGAI 1 1 GG 1 GAGGATATGA 

CAGAAGCAATGGATTAAGGTGGGAGTAGTGAGGATGGAGAGAGTA 

GCAAGAAGATAGGTAGAGGGAAGATAGAGA 


4993 


A I- 

15 


GluSTerm 

A A A A 

GAA-TAA 


TCTCTATCTTCCCTCTACCTATCTTCTTGCTACTCTCTGCATCGTG 
ACTACTCCCACCTTAATCCATTGCTTCTGTGATATCGTCACCAAAT 
GAATAAACCACCGAAAAGAAGTGGGAGAG 


4994 






CAATGGATIAAGGTGGG 


4995 






CCCACCTTAATCCATTG 


4996 




Male-sterile 
AG 

Brassica napus 


TATTCATTTGGTGACGATATCACAGAAGCAATGGATGAAGGTGGG 

AGTAGTCACGATGCATAGAGTAGCAAGAAGATAGGTAGAGGGAAG 

ATAGAGATAAAGAGGATAGAGAACACAACAA 


4997 


20 


GluHTerm 
GAG-TAG 


TTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTCCCTCTACCTATC 
TTCTTGCTACTCTATGCATCGTGACTACTGCCACCTTCATCCATTG 
CTTGTGTGATATCGTCACCAAATGAATA 


4998 






ACGATGCATAGAGTAGG 


4999 






GGTACTCTATGGATCGT 


5000 




Male-sterile 
AG 

Brassica napus 


GGTGAGGATATCAGAGAAGCAATGGATGAAGGTGGGAGTAGTGA 

CGATGGAGAGAGTAGCTAGAAGATAGGTAGAGGGAAGATAGAGAT 

AAAGAGGATAGAGAACACAACAAATCGTCAAG 


5001 


25 


Lys14Term 
AAG-TAG 


CTTGACGATTTGTTGTGTTGTCTATGGTCTTTATGTGTATCTTCCCT 
CTAGGTATCTTCTAGCTAGTCTGTGCATCGTGAGTACTCCCAGGTT 
CATCCATTGGTTCTGTGATATCGTGACC 


5002 






AGAGTAGCTAGAAGATA 


5003 






TATCTTCTAGCTACTCT 


5004 
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Pftenotype, Oene, 


Aftertftg Oli^o$ 


SEQiD 
NO' 








Male-sterile 

Ao 

Brassica napus 


GACGATATCACAGAAGCAATGGATGAAGGTGGGAGTAGTCACGAT 

UUAoAoAo 1 AUUAALjJLAvjA I AvjU 1 AoAoooAAUA I AoAVjA 1 AAAo 

AGGATAGAGAACACMCAAATCGTCAAGTAA 


5005 


Lys15Term 

A A ^ T A O 


1 lACI IGACGAI 1 IGI IGIGI ICICIAICCICI 1 lAICICIArCI IC 

CCTCTACCTATCTACTTGCTACTCTCTGCATCGTGACTAOTOOO 

CTTCATCCATTGCTTCTGTGATATCGTC 


5006 




GTAGCAAGTAGATAGGT 


5007 




ACCTATCTACTTGCTAC 


5008 


Male-sterile 
AG 

Lycopersicon 


CAACCAAAAAACTTAAAAATCTTCTC 1 II CC 1 1 1 CCTTACAAGGTGA 
AGTAATGGACTTCTAAAGTGATCTAACCAGAGAGATCTCACCACAA 
AGGAAACTAGGAAGGGGGAAAATTGAGA 


ouoy 


esculentum 

Glu4Term 

CAA-TAA 


ICICAAI 1 1 ICCCCCI ICCIAGI 1 ICCI 1 IGIGGIGAGAICICTCT 
GGTOGATCACTTTAGAAGTCCATTACTTCACCTTGTAAGGAAAGG 
AAAGAGAAGAI 1 1 1 lAAGI 11 II IGGTTG 


5010 




TGGACTTCIAAAGTGAT 


5011 




ATCACTTTAGAAGTCCA 


5012 


Male-sterile 
AG 

Lycopersicon 


AAAAIOI lUlOl 1 IUL.I 1 lUOl 1 AUAAbbHaAAblAAIbbAUl lOO 
AAAGTGATCTAACCTGAGAGATCTCACCACAAAGGAAACTAGGAA 
GGGGGAAAATTGAGATCAAAAGGATCGAAA 


5013 


esculentum 

ArgQTerm 

AGA-TGA 


1 1 ICGAICCI 1 1 IGAICICAAI 1 1 ICCCCCI ICCIAGI 1 ICCI 1 IGI 
GGTGAGATCTCTCAGGTrAGATCACTTTGGAAGTCCATTACTTCAC 
CTTGTAAGGAAAGGAAAGAGAAGAI 1 1 1 


5014 




ATCTAACCIGAGAGATC 


5015 




GATCTCTCAGGTTAGAT 


5016 


Male-sterile 
AG 

Lycopersicon 


ATCTTCTC 1 1 1 CCTTTCCTTACAAGGTGAAGTAATGGACTTCCAAA 
GTGATCTAACCAGATAGATCTCACCACAAAGGAAACTAGGAAGGG 
GGAAAATTGAGATCAAAAGGATCGAAAACA 


5017 


esculentum 
GlulOTerm 
GAG-TAG 


IGI 1 1 ICGAICCI 1 1 IGAICICAAI 1 1 ICCCCCI ICCIAGI 1 ICCI 1 
TGTGGTGAGATCTATCTGGTTAGATCACTTTGGAAGTCCATOCTT 
CACCTTGTAAGGAAAGGAAAGAGAAGAT 


5018 




TAACCAGATAGATCTCA 


5019 




TGAGATCTATCTGGTTA 


5020 


Male-sterile 
AG 

Lycopersicon 


CTT 1 CCTTTCCTTACAAGGTGAAb 1 AA 1 GGAC 1 1 CGAAAb 1 GA 1 CI 

AACCAGAGAGATCTGACCACAAAGGAAACTAGGAAGGGGGAAAAT 

TGAGATCAAAAGGATCGAAAACACGACGAA 


5021 


esculentum 
Ser12Term 
TCA-TGA 


1 ICGICGIGI 1 1 ICGAICCI 1 1 IGAICICAAI 1 1 ICCCCCI ICCIA 

GTTTCCTTTGTGGTCAGATCTCTCTGGTTAGATCACTTTGGAAGTC 

CATrACTTCACCTTGTAAGGAAAGGAAAG 


5022 




AGAGATCTGACCACAAA 


5023 



wo 01/92512 



-84- 



PCT/USOl/17672 





. Pftecotype, Gene, 




SEQiD 
HO; 




' Pldttt& Targeted 


, Afterittg Oligoe 






TTTGTGGTCAGATCTCT 


5024 




Male-sterile 
NAG1 

Nicotiana tabacum 


GTACTCTCl A 1 1 11 CA I C 1 1 CCAACCC 1 II C 1 1 1 (JC 11 ACCAGGTGA 
AAGTATGGACTTCTAAAGTGATCTAACAAGAGAGATCTCTCCACAA 
AGGAAACTGGGAAGAGGAAAGATTGAGA 


5025 


5 


G[n4Term 
CAA-TAA 


ICICAAICl 1 ICCICI ICCCAGI 1 ICCl 1 IGIGGAGAGAICICICI 
TGTTAGATCACTTTAGAAGTCCATACI 1 1 CACCTGGTAAGGAAAGA 
AAGGGTTGGAAGATGAAAATAGAGAGTAC 


5026 






TGGACTTCIAAAGTGAT 


5027 






ATCACTTTAGAAGTCCA 


5028 




Male-sterile 
NAG1 

Nicotiana tabacum 


ATCTTCCAACCCI 1 ICI 1 1 CCTTACCAGGTGAAAGTATGGACTTCC 
AAAGTGATCTAACATGAGAGATCTCTCCACAAAGGAAACTGGGAA 
GAGGAAAGATTGAGATCAAACGGATCGAAA 


5029 


10 


Arg9Term 
AGA-TGA 


1 1 ICGAICCGI 1 IGAICICAAICI 1 ICCICI ICCCAGI 1 ICCl 1 IGI 
GGAGAGATCTCTCATGTTAGATCACl 1 IGGAAGICCAIACI 1 ICAC 
CTGGTAAGGAAAGAAAGGGTTGGAAGAT 


5030 






ATCTAACAIGAGAGATC 


5031 






GATCTCTCATGTTAGAT 


5032 




Male-sterile 
NAG1 

Nicotiana tabacum 


TTCCAACCCTTTCTTTCCTTACCAGGTGAAAGTATGGACTTCCAAA 
GTGATCTAACAAGATAGATCTCTCCACAAAGGAAACTGGGAAGAG 
GAAAGATTGAGATCAAACGGATCGAAAACA 


5033 


15 


GlulOTerm 
GAG-TAG 


IGI 1 1 ICGAICCGI 1 IGAICICAAICI 1 ICCICI ICCCAGI 1 ICCl 1 
TGTGGAGAGATCTATCTTGTTAGATCACTTTGGAAGTCCATACTTT 
CACCTGGTAAGGAAAGAAAGGGTTGGAA 


5034 






TAACAAGAIAGATCTCT 


5035 






AGAGATCTATCTTGTTA 


5036 




Male-sterile 
NAG1 

Nicotiana tabacum 


CI 1 ICCl lACCAGGlGAAAGIAIGGACI ICCAAAGIGAICIAACAA 
GAGAGATCTCTCCATAAAGGAAACTGGGAAGAGGAAAGATTGAGA 
TCAAACGGATCGAAAACACAACGAATCGTC 


5037 


20 


Gln14Term 
CAA-TAA 


GACGAl ICGI IGIGI 1 1 ICGAICCGI 1 IGAICICAAICI 1 ICCICI 
TCCCAGI 1 ICCl 1 lAIGGAGAGAICICICI IGI lAGAICACI 1 IGG 
AAGTCCATACTTTCACCTGGTAAGGAAAG 


5038 






TCTCTCCAIAAAGGAAA 


5039 






TTTCCTTTATGGAGAGA 


5040 




Male-sterile 
AG 

Rosa hybrida 


GCCTATGAAAACAAACCCAACACGGTCCTGGACGCTGATGCCCAA 
AGAAGATTGGGAAGGTGAAAGATCGAGATCAAGCGGATCGAAAAC 
ACCACCAATCGTCAAGTCACCTTCTGCAAAA 


5041 


25 


Gly22Term 
GGA-TGA 


1 1 1 IGCAGAAGGIGACI IGACGAI IGGIGGIGI 1 1 ICGAICCGCI 
TGATCTCGATCTTTCACCTTCCCAATCTTCTTTGGGCATCAGCGTC 
CAGGACCGTGTTGGGTTTGI 1 1 ICATAGGC 


5042 






TGGGAAGGIGAAAGATC 


5043 






GAICI 1 ICACCI ICCCA 


5044 



wo 01/92512 



-85- 



PCT/USOl/17672 







SEQiD 
HO', 


PJ^rtt^i Targeted 
Alteration 


Afterlrtg Oligo$ ' 


Male-sterile 
AG 


TATGAAAACAAACCCAACACGGTCCTGGACGCTGATGCCCAAAGA 
AGATTGGGAAGGGGATAGATCGAGATCAAGCGGATCGAAAACAC 


5045 


Rosa hybrida 


CACCAATCGTCAAGTCACCTTCTGCAAAAGGC 




Lys23Term 

AAo- 1 AV3 


GCCI 1 1 IGCAGAAGGIGAUl IGACGAI IGGIGGIGI 1 1 ICGAICC 
IjU I 1 bA 1 L> 1 UoA 1 U 1 A 1 UUL/U 1 1 UUUAA 1 0 1 1 0 1 i 1 oooUA 1 OAoL» 

GTCCAGGACCGTGTTGGGTTTGI 1 1 ICATA 


5046 




GAAGGGGATAGATCGAG 


5047 




CTCGATCTATCCCCTTC 


5048 


Male-sterile 
Ar* 

Rosa hybrida 


AACAAACCCAACACGGTCCTGGACGCTGATGCCCAAAGAAGATTG 
CGTCAAGTCACCTTCTGCAAAAGGCGCAATG 


5049 


Glu25Term 


CAI IGCGCCI 1 1 IGCAGAAGGIGAUl IGACGAI IGGIGGIGI 1 1 1 

UoA I LrUbU 1 1 oA 1 Lr 1 AbA 1 U 1 M UULrU 1 1 UUUAA 1 U 1 1 U 1 1 1 oooU 
A 1 OAbUo 1 OUAbbALrLrVj loll ooo 1 I 1 o 1 1 


5050 




GAAAGATCTAGATCAAG 


5051 




CI IGAICIAGAICI 1 IC 


5052 


Male-sterile 

A^^ 

Ao 

Rosa hybrida 


CCCAACACGGTCCTGGACGCTGATGCCCAAAGAAGATTGGGAAG 

OOOMMMOM 1 UOMOM J O 1 MOOOOA 1 OO/AM/VAOrtOV^MOO/AM 1 V^O I wr\ 

AGTCACCnCTGCAAAAGGCGCAATGGTTTGC 


5053 


Lysz/ 


r^r* A A /Sif"'t'^A'\^f"^t'^f'^r^f'^'l l I I'PP AP A APP F PAPTTPAP^ ATT/^PtTf'TiP 

oL/AAAOUA 1 1 oUoUU II 1 1 oUAoAAoo 1 oAU 1 1 oAOoA 1 1 oo 1 oo 




A A/^ TA/^ 

AAo- 1 Ao 


T/^'I r 1 [ Y^r^ AT/^^^r^T A O ATOTr^r^ ATP" 1 i 1 7^ PPPTTPPP A ATPTTPT 

1 o 1 1 1 1 UoA 1 UOoU 1 AbA 1 U 1 UoA 1 U 1 II UUL/U 1 1 LrUUAA 1 U 1 1 U 1 

TTGGGCATCAGCGTCCAGGACCGTGTTGGG 






TCGAGATCIAGCGGATC 


5055 




GATCCGCTAGATCTCGA 


5056 


Male-sterile 

for 


CAATTGCCTGI 1 1 II Al II 1 1 II ICI 1 1 1 1 GACTAAGTAGAAATGGC 

r^TPTPTAAPPr^ATTAATPnAPPnAr^nTATPnPPPriAf^AriPiAAAAT 

O ] w 1 O 1 MMOV^OM I 1 rVM 1 OOr\L/v-eOAOO 1 r\ 1 wO wOOOrVOMOOAA/AAAM 1 


5057 


Antirrhinum majus 


CGGGAGAGGAAAGATCGAGATCAAACGGA 




vjin/ 1 erm 

r*AA TAA 

UAA- 1 AA 


T/^r^r^ l 1 1 AT/^Tr^O AT^'^TTTP^'^ 1 Y'^Tr^P^'^r'* A [ i"i" rpO i Y"*TPP^'!i/'^PPA 

1 LrUo 1 i 1 oA 1 U 1 LroA 1 Lr 1 1 1 L/U I U 1 OL/UoA 1 1 1 1 OO 1 U 1 UoooUoA 

XAr^OTO/^r^T/^O ATTA ATOPPTTAP AP APPPP ATTTPTAPTTA^TPA 

1 AUO 1 Ooo 1 OoA 1 1 AA 1 OoO 1 1 AoAoAOoOOA II 1 0 1 AO 1 1 Ao 1 OA 

AAAA^AAAAAAA ATA AAA AP APPPA ATTP 

AAAAoAAAAAAAA I AAAAAOAooOAA 1 lo 


OUOO 




TAAGCGATIAATCGACC 


5059 




GGTCGATTAATCGC™ 


5060 


Male-Sterile 
tar 


Gl 1 1 MAI 1 1 1 1 1 MCI 1 II 1 GACTAAGTAGAAATGGCGTCTGTAAG 

r^r^ ATP A ATPr* A PPT A PPT ATPr!PPP^APiArS/Ti A A A ATPrsnPiA^^A^^ 
OoA 1 OAA 1 OoAOO 1 Aoo 1 A 1 OoOOOoAoAoo/aMMM 1 OoooAoAo 


5061 


Antirrhinum majus 


GAAAGATCGAGATCAAACGGATCGAAAACA 




GlulOTerm 


IGI 1 1 ICGAICCGI 1 IGAICrCGAICI 1 ICCICICCCGAI 1 1 ICCI 


5062 


GAG-TAG 


CTCGGGCGATACCTAGGTCGATTGATCGCTTAGAGACGCCATTTC 
TACTTAGTCAAAAAGAAAAAAAATAAAAAC 






AATCGACCIAGGTATCG 


5063 




CGATACCTAGGTCGATT 


5064 



wo 01/92512 



"86- 



PCT/USOl/17672 



Pftenotype, feene, 
Pldtit& Targeted 

me fl 4 „ dK „ 

AlteratEOD 




SEQiD 
MO;, 


AlterittgOflgd$ . ..1 

: _ .... : 'l\ i 


Male-sterile 
far 

Antirrhinum majus 


TTTC 1 1 1 1 1 GACTAAGTAGAAATGGCGTCTCTAAGCGATCAATCGA 
CCGAGGTATCGCCCTAGAGGAAAATCGGGAGAGGAAAGATCGAG 
ATCAAACGGATCGAAMCAAAACAAATCAAC 


5065 


Glu14Term 
GAG-TAG 


Gl IGAI 1 IGI 1 1 IGI 1 1 ICGAICCGI 1 IGAICICGAICI 1 ICCICIC 
GACGCCATTTCTACTTAGTCAAAAAGAAA 


5066 




TATCGCCCTAGAGGAAA 


5067 




TTTCCTCTAGGGCGATA 


5068 


Male-Sterile 
far 

Antirrhinum majus 


n TGAU 1 AAGTAGAAATGGCGTCTCTAAGCGATCAATCGACCGAG 
GTATCGCCCGAGAGGTAAATCGGGAGAGGAAAGATCGAGATCAA 
ACGGATCGAAAACAAAACAAATCAACAGGTTA 


5069 


Lys16Term 
AAA-TAA 


lAACCIGI IGAI 1 IGI 1 1 IGI 1 1 ICGAICCGI 1 IGAICICGAICI 1 1 
rrTrTrr'priATTTArrTnTrr!fir;r'f5ATAPrTpf5fiTrf5ATTf5ATPr! 

CTTAGAGACGCCAI 1 1 CTACTTAGTCAAA 


5070 




CCGAGAGGIAAATCGGG 


5071 




CCCGATTTACCTCTCGG 


5072 


Male-sterile 
AG 

Cucumis sativus 


TGTCCAAGCATTATCAGTCACCACTCACAAGAATGATTAAGGAAGA 
AGGAAAGGGTAARTAGCAAATAAAGRRRATRTTnCARAATDAARA 
AGAGAAGATGTCAGACTCGCCTCAGAGGAA 


5073 


Leu21Term 
TTG-TAG 


TTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAACA 
TPrrrTTTA i 1 1 nrTAnTArmTTPPTmrmTAATrATTPTT 

GTGAGTGGTGACTGATAATGCTTGGACA 


5074 




GGGTAAGTAGCAAATAA 


5075 




TTATTTGCIACTTACCC 


5076 


Male-sterile 

Ab 

Cucumis sativus 


TCCAAGCATTATCAGTGACCACTCACAAGAATGATTAAGGAAGAAG 

1^ A A AO/^/^TA A 1 I'^TA A ATA A A /^^/^/^ A"T*/^TT/^/^ A A AT/^A A /-^ A A 

GAAAGGGTAAGTTGTAAATAAAGGGGATGTTCCAGAATCAAGAAG 
AGAAGATGTCAGAGTCGCCTCAGAGGAAGA 


5077 


Gln22Term 
CAA-TAA 


TCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATTCTGGAA 

PATPPPPTTTATTTAPAAr'TTAPPPTTTPr'TTPTTr'PTTAATPATTr' 
Or\ 1 VutOOO I 1 1 mi 1 1 MOM/AVm^ 1 1 r\LrLr\-r 1 1 1 LrO MOM L»U 1 1 /v\ 1 \ur\ 1 1 O 

TTGTGAGTGGTGACTGATAATGCTTGGA 






GTAAGTTGIAAATAAAG 


5079 




CTTTATTTACAACTTAC 


5080 


Male-Sterile 
Cucumis sativus 


CATTATCAGTCACCACTCACAAGAATGATTAAGGAAGAAGGAAAG 

r5f^TAA(^TTf*^PAAATATAr5r^nriATr5TTPPAriAATPAAr5AAr5Ar5AAPS 

ATGTCAGACTCGCCTCAGAGGAAGATGGGAA 


5081 


Lys24Term 
AAG-TAG 


TTCCCATCTTCCTCTGAGGCGAGTCTGACATCTTCTCTTCTTGATT 
CTGGAACATCCCCTATATTTGCAACTTACCCTTTGCTTCTTCCTTA 
ATCATTCTTGTGAGTGGTGACTGATAATG 


5082 




TGCAAATAIAGGGGATG 


5083 




CATCCCCTATATTTGCA 


5084 



wo 01/92512 
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-87- 





PfeeROtype, Bm% 
Plartt^ Targeted 

Alteration 


Aftering OliSfO^ 






Male-sterile 
Cucumis sativus 


CCACTCACAAGAATGATTAAGGAAGAAGGAAAGGGTAAGTTGCAA 

ATAAAnnnnATnTTrTAr^AATrAAr^AAr^A(^AA(^AT(^TnAnAnTnr^ 

CCTCAGAGGAAGATGGGAAGAGGAMGATTG 


5085 


0 


Gln28Term 


CAATCTTTCCTCTTCCCATCTTCCTCTGAGGCGAGTCTGACATCn 

r^TPTTr'TT^^ A TTPT A rt! A A P A TP P P PTTT A I 1 1 /^P A A PTT A PPPTTTP 
Lr I U 1 lUI loAl 1 U 1 MoAALrA 1 oUUU 1 MAM 1 OOAAL» 1 lAOUOl 1 \\j 

CTTCTTCCTTAATCATTCTTGTGAGTGG 


5086 






GGATGTTCIAGAATCAA 


5087 






ITGATTCTAGAACATCC 


5088 




Male-Sterile 

Af^ 

Zea mays 


CCACCACCACCACCACCACCACCACCACAGCATGCTCAACATGAT 
TGGCGGCGGCGCCGACGGGCTCCGGCGACAGG 


5089 


in 


CyslOTerm 

Tan TdL 


CCTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCTGCTCCTTG 

A PPTTPP A PP A nnnnnnTn A PPTP A P ATP A /^TP ATP ATOTTfi A^^P 
1 1 oUAUoALrOoUULr 1 UAoU 1 UAoA 1 UAo 1 UA I UA loll oAoU 

ATGGTGTGGTGGTGGTGGTGGTGGTGGTGGTGG 


5090 






CTGAGCTGAGGGCCGTC 


5091 






GACGGCCCICAGCTCAG 


5092 




Male-sterile 
AG 

Zea mays 


ACCACCACCACCACCACCACACCATGCTCAACATGATGACTGATC 
TGAGCTGCGGGCCGTAGTCCAAGGTCAAGGAGCAGGTGGCGGC 
GGCGCCGACGGGCTCCGGCGACAGGCAGGGGCA 


5093 


1 R 
10 


Ser13Term 


TGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCT 

PPTPPTTPAPPTTPPAPTAPPPPPPPP APPTPAPiATPAfiTPATPA 
1 ULr 1 1 UAUU 1 1 oUAU 1 AUoVjUUUUUAUU I UAvjA 1 oAU 1 OA 1 LrA 

TGTTGAGCATGGTGTGGTGGTGGTGGTGGTGGT 


5094 






CGGGCCGTAGTCCAAGG 


5095 






CCTTGGACTACGGCCCG 


5096 




Male-sterile 

Afi 

Zea mays 


CACCACCACCACCACACCATGCTCAACATGATGACTGATCTGAGC 
Tr!rf5r5nrrf^TP(^TrPTAn(^TrAAr;RArirAR(^TRnrfir;rftfifiPin 

1 OwOVJOwOO 1 1 1 MOO 1 w/uAOO/\0\-'/\00 1 OOV-zOOOOOOOw 

CGACGGGCTCCGGCGACAGGCAGGGGCAGGGGA 


5097 


9n 
zu 


Lys15Term 


TCCCCTGCCCCTGCCTGTCGCGGGAGCCCGTCGGCGCCGCCGC 

P A PPTPPTPPTTP A PPT A P/^ A P^^ A Hf^nnnnrin A HPTP A ^Ti ATP A CI 

LrAUU 1 1 UU 1 1 oAOLr 1 AooAOoAUovsULrUvjOAULr 1 L#AvjA 1 UAVj 

TCATCATGTTGAGCATGGTGTGGTGGTGGTGGTG 


5098 






CGTCGTCCTAGGTCAAG 


5099 






CTTGACCTAGGACGACG 


5100 




Male-sterile 

Ar* 

Zea mays 


CACGACCACACCATGGTCAACATGATGACTGATCTGAGCTGCGGG 

nnnTnnmn A A ppTPT A PP A PP A r^C'Tnnnr^r^nntrmninnfi a priic 
ULrO 1 LrV3 1 LrUAAov? 1 Lr 1 AooAvjL/Aoo 1 UoUooUooOooUoAUoU 

GCTCCGGCGACAGGCAGGGGCAGGGGAGAGGCA 


5101 


25 


Lys17Term 
AAG-TAG 


TGCCTGTCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGC 

CGCCGCCACCTGCTCCTAGACCnGGACGACGGCCCGCAGCTCA 

GATCAGTCATCATGTTGAGCATGGTGTGGTGGTG 


5102 






CCAAGGTCIAGGAGCAG 


5103 






CTGCTCCTAGACCTTGG 


5104 



wo 01/92512 
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Phemt^pe, Gene, 


. ; Alterrng OlijSO^ 


SEQiD 




Male-sterile 

AG 

Zea mays 


ICCIACCl 1 1 ICTCCTTCAGACCTCAAAATCTGTGTGATAGGAACA 
ACsAbuA 1 (jL.ALA 1 L-TbAbAAbAbbAbbU 1 AL.AUOAI OOAoAb 1 AA 
CAGGCATCATGTCGACCCTGACTTCGGCGG 


5105 


5 


Arg4Term 
CGA-TGA 


CCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTGGATGGT 
GTAGCCTCCTCTTCTGAGATGTGCATGCTCTTG7TCCTATCACACA 
GAM! IGAGGTCTGAAGGAGAAAAGGTAGGA 


5106 






TGCACATCTGAGAAGAG 


5107 






CTCTTCTCAGATGTGCA 


5108 




Male-sterile 
AG 

Zea mays 


lACCI 1 1 ICICCTTCAGACCTCAAAATCTGTGTGATAGGAAGAAGA 
GCATGCACATCCGATAAGAGGAGGCTACACCATCCACAGTAACAG 
GCATCATGTCGACCCTGACTTCGGCGGGGC 


5109 


10 


GluSTerm 

A A T A A 

GAA-TAA 


GCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTGGAT 
GGTGTAGCCTCCTCTTATCGGATGTGCATGCTCTTGTTCCTATCA 
CACAGAI 1 1 1 GAGGTCTGAAGGAGAAAAGGTA 


5110 






ACATCCGATAAGAGGAG 


5111 






CTCCTCTTATCGGATGT 


5112 




Male-sterile 
AG 

Zea mays 


CI 1 1 ICICUl ICAGACCKJAAAAICIGIGIGAIAGGAACAAGAGCA 

"T"/^0 A AT"^/^/^ A A AT A /^/^ A /^O/^T* A A AT"/^/^ A O A /^T" A A/^A/^/^/^A 

TGCACATCCGAGAATAGGAGGCTACACCATCOACAGTAACAbbCA 
TCATGTCGACCCTGACTTCGGCGGGGCAGC 


5113 


15 


GluSTerm 
GAG-TAG 


GCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTG 
GATGGTGTAGCGTCCTATTCTCGGATGTGCATGCTCTTGTTCCTA 
TCACACAGAI 1 1 1 GAGGTCTGAAGGAGAAAAG 


5114 






TCCGAGAAIAGGAGGCT 


5115 






AGCCTCCTATTCTCGGA 


5116 




Male-sterile 

A O 

AG 

Zea mays 


TTCTGCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGAGCATGC 

A AXi"*0/^ A A A A /^T A /^/^/^X A /"^ A /^/^ AX^/"* A O A /^X A A A^O/^ AX/^ A 

AGATOUbAbAAbAbTAbbb 1 AuAOOA 1 oUAUAbl AAOAbbUA 1 L.A 
TGTCGACCCTGACTTCGGCGGGGCAGCAGA 


5117 


20 


Glu7Ternn 
GAG-TAG 


TCTGCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACT 
GTGGATGGTGTAGCCTACTCTTCTCGGATGTGCATGCTCTTGTTC 
CTATCACACAGAI 1 1 1 GAGGTCTGAAGGAGAA 


5118 






GAGAAGAGTAGGCTACA 


5119 






TGTAGCCTACTCTTCTC 


5120 




Male-sterile 
AG 

Oryza sativa 


GCTGGGTCAGGATCGTCGGCGGCGGTGGCGGCGGGGAGCAGC 

GAGAAGATGGGGAGGGGGTAGATCGAGATAAAGCGGATCGAGAA 

CACGACGAACCGGCAGGTGACCTTCTGCAAGCGCC 


5121 


25 


LysSTerm 
AAG-TAG 


GGCGCTTGCAGAAGGTCACCTGCCGGTTCGTCGTGTTCTCGATC 
CGCTTTATCTCGATCTACCCCCTCCCCATCTTCTGGCTGCTCCCC 
GCCGCCACCGCCGCCGACGATCCTGACCCAGC 


5122 






GGAGGGGGIAGATCGAG 


5123 






CTCGATCTACCCCCTCC 


5124 



wo 01/92512 
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Pheuotype, Gene, 
Plant & Targeted 




SEQtD 








Male-sterile 

AG 

Oryza sativa 


TCAGGATCGTCGGCGGCGGTGGCGGCGGGGAGCAGCGAGAAGA 
TGGGGAGGGGGAAGATCTAGATAAAGCGGATCGAGAACACGACG 
AACCGGCAGGTGACCTTCTGCAAGCGGCGCAATG 


5125 


Glu7Term 
GAG-TAG 


CATTGCGGCGCTTGCAGAAGGTCACCTGCCGGTTCGTCGTGTTC 
TCGATCCGCTTTATCTAGATCTTCCCCCTCCCCATCTTCTCGCTG 
CTCCCCGCCGCCACCGCCGCCGACGATCCTGA 


5126 




GGAAGATCIAGATAAAG 


5127 




CTTTATCTAGATCTTCC 


5128 


Male-sterile 
AG 


TCGTCGGCGGCGGTGGCGGCGGGGAGCAGCGAGAAGATGGGG 
AGGGGGAAGATCCaAbATATAbObbA 1 UbAbAAOAObAObAAUUb 


5129 


Oryza sativa 


GCAGGTGACCTTCTGCAAGCGCCGCAATGGCCTCC 




LysQTerm 

A A "T" A 

AAG-TAG 


GGAGGCCATTGCGGCGCTTGCAGAAGGTCACCTGCCGGTTCGTC 
GTGTTCTCGATCCGCTATATCTCGATCTTCCCCCTCCCCATCTTCT 
CGCTGCTCCCCGCCGCCACCGCCGCCGACGA 


5130 




TGGAGATAIAGCGGATC 


5131 




GATCCGCTATATCTCGA 


5132 


Male-sterile 

A /A 

AG 

Oryza sativa 


GCGGTGGCGGCGGGGAGCAGCGAGAAGATGGGGAGGGGGAAG 
ATCGAGATAAAGCGGATCTAGAACACGAObAAOObbUAbblbAU 
CTTCTGCAAGCGCCGCAATGGCCTCCTGAAGAAGG 


5133 


Glu12Term 
GAG-TAG 


CCTTCTTCAGGAGGCCATTGCGGCGCTTGCAGAAGGTCACCTGC 
CGGTTCGTCGTGTTCTAGATCCGCTTTATCTCGATCTTCCCCCTC 
CCCATCTTCTCGCTGCTCCCCGCCGCCACCGC 


5134 




AGCGGATCIAGAACACG 


5135 




CGTGTTCTAGATCCGCT 


5136 



Table 16 

Oligonucleotides to produce male-sterile plants 



pjfienotype, <3ene, 
Plant & Targeted 
Alteraflon*. 


Altering Oltgos 




SEOID 
NO: 


Male-sterile GGGAAGA( 
PI AGACAAGT 
Cucumis sativus CCAAAGA^ 


3GGAAAATAGAAATAAAAAGAATAGAGAAC I'CAAGCAAT 

TACATAGTCAAAGAGAAGAAATGGTATCATCAAAAAAG 

^TTACTGTTGTTTGCGATGCT 


5137 


Tyr21Term AGCATCGC 
TAT-TAG TTCTTCTC 

1 1 II lATTI 


;aaagaacagiaai i ici i iggci ii ii igaigaiaccai 
ntgactatgtaacttgtctattgcttgagttctctattg 

CTAI 1 1 ICCCTCTTCCC 


5138 



wo 01/92512 
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Plienotype^Oene, 
Plant &Targ0tBcf, 


Altering piigo$ , ^ - 


SEQID 












GTTACATAGTCAAAGAG 


5139 




CTCTTTGACTATGTAAC 


5140 


Male-sterile 

D! 

r! 

Cucumis sativus 


GAAGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAG 

AOAAVj 1 1 ALrA I A 1 1 oAAAoAoAAoAAA 1 1 A 1 oA 1 OAAAAAAoUU 

AAAGAAATTACTGTTCTTTGCGATGCTCA 


5141 


Ser22Term 
TCA-TGA 


IGAGCAICGCAAAGAACAGIAAI 1 ICI 1 IGGCI II II IGAIGAIACC 
ATTTrTTrTrTTTCAATATfiTAAnTTRTnTATTGCTTGAGTTCTnTAT 


5142 




TCI II 1 lAII ICIAI 1 1 ICCCTCTTC 






TACATATTGAAAGAGAA 


5143 




1 ICICI 1 ICAAIAIGIA 


5144 


Male-sterile 
PI 

Cucumis sativus 


AGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGAC 
AAGTTACATATTCATAGAGAAGAAATGGTATCATCAAAAAAGCCAAA 
GAAATTACTGTTCTTTGCGATGCTCAAG 


5145 


Lys23Term 
AAG-TAG 


CI IGAGCAICGCAAAGAACAGIAAI 1 ICI 1 IGGCI 1 1 1 1 IGAIGAIA 
CCATTTCTTCTCTATGAATATGTAACTTGTCTATTGCTTGAGTTCTC 
TATTCI 1 II lAI 1 ICIAI 1 1 ICCCTCT 


5146 




CATATTCAIAGAGAAGA 


5147 




M. ^^^^ A A A ^^^^ 

TCTTCTCTATGAATATG 


nA An 

5148 


Male-sterile 
PI 

Cucumis sativus 


GGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGACAAG 
TTACATATTCAAAGTGAAGAAATGGTATCATCAAAAAAGCCAAAGAA 
ATTACTGTTCTTTGCGATGCTCAAGI 1 1 


5149 


Arg24Term 
AGA-TGA 


AAACI IGAGCAICGCAAAGAACAGIAAI 1 ICI 1 IGGCI 1 1 1 1 IGAIG 
ATArrATTTrTTrArTTTGAATATGTAAnTTfiTnTATTRnTTRAfiTT 

CTCTATTCI II IIAII ICIAI 1 1 ICCC 


5150 




ATTCAAAGIGAAGAAAT 


5151 




ATTTCTTCACTTTGAAT 


5152 


Male-Sterile 
Pi 

Malus domestica 


GGGACGTGGGAAGGTTGAGATCAAGAGGATTGAGAACTCAAGTAA 
CAGGCAGGTGACCTAGTCCAAGAGGAGGAATGGGATTATCAAGAA 
GGCAAAGGAGATCACTGTTCTATGTGATGCT 


5153 


Tyr21Term 
TAC-TAG 


AGCATCACATAGAACAGIGATCTCCTTTGCCTTCTTGATAATCCCA 
TTCCTCCTCTTGGACTAGGTCACCTGCCTGTOCTTGAGTTCTCAA 
TCCTCTTGATCTCAACCTTCCCACGTCCC 


5154 




GTGACCTAGTCCAAGAG 


5155 




CTCTTGGACTAGGTCAC 


5156 
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. ^ 


SEQID 

.MO: 




Male-sterile 

Dl 

rl 

Malus domestica 


CGTGGGAAGGTTGAGATCMGAGGATTGAGAACTCMGTAACAGG 

L/AoU 1 ^ALrU I AO 1 UL/ 1 AoAooAooAA 1 oooA 1 1 A 1 OAAVjAAoVjUA 

AAGGAGATCACTGTTCTATGTGATGCTAAAG 


5157 


Lys23Term 
AAG-TAG 


CI 1 lAGCAICACAIAGAACAGIGAICICCI 1 IGCCI ICI IGAIAAIC 
nnATTnrTnrTnTAGGAGTARRTCAnCTGnnTGTTACTTGARTTCT 

CAATCCTCTTGATCTCAACCTTCCCACG 


5158 




CCTACTCCIAGAGGAGG 


5159 




CCTCCTCTAGGAGTAGG 


5160 


Male-sterile 
PI 

Malus domestica 


AGGATTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGG 
AGGAATGGGATTATCTAGAAGGCAAAGGAGATCACTGTTCTATGTG 
ATGCTAAAGTATCTCTTATCATTTATTCTA 


5161 


LysSOTerm 
AAG-TAG 


TAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGTGATC 

TCCTTTGCCTTCTAGATAATCCCATTCCTCCTCTTGGAGTAGGTCA 

CCTGCCTGTTACTTGAGTTCTCAATCCT 


5162 




GGATTATCTAGAAGGCA 


5163 




TGCCTTCTAGATAATCC 


5164 


Male-Sterile 
PI 

Malus domestica 


ATTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGGAGG 
AATGGGATTATCAAGTAGGCAAAGGAGATCACTGTTCTATGTGATG 
CTAAAGTATCTCTTATCATTTATTCTAGCT 


5165 


Lys31Term 
AAG-TAG 


AGCTAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGT 
GATCTCnTTTGCCTACTTGATAATCCCATTCCTCCTCTTGGAGTAG 

gtcacctgcctg™cttgagttctcaat 


5166 




TTATCAAGIAGGCAAAG 


5167 




CTTTGCCTACTTGATAA 


5168 


Male-Sterile 
alobosa 

Antirrhinum majus 


CAI 1 1 ITACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAA 
AAACAAAAAAATGTGAAGAGGAAAAATTGAGATCAAAAGAATTGAG 
AACTCAAGCAACAGGCAGGTTACTTACT 


5169 


Gly2Term 
GGA-TGA 


AGIAAGTAACCTGCCIGI IGCI IGAGI ICICAAI ICI 1 1 IGAICICA 
Al 1 1 1 ICCICI ICACAI IIIIIIGIIIIIGIIIIICICICIIGIIIIIG 
TTTGCAGATAACTATTGTAAAAATG 


5170 




AAAAAATGTGAAGAGGA 


5171 




TCCTCTTCACAl Mill 


5172 


Male-sterile 
globosa 

Antirrhinum majus 


TnTACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAA 
CAAAAAAATGGGATGAGGAAAAATTGAGATCAAAAGAATrGAGAAC 
TCAAGCAACAGGCAGGTOCTTACTCAA 


5173 


ArgSTerm 
AGA-TGA 


1 IGAGIAAGIAACCIGCCIGI IGCI IGAGI ICICAAI ICI 1 1 IGAIC 
TCAAI 1 1 1 ICCICAICCCAI 1 1 1 1 1 IGI 1 1 1 IGI 1 1 1 ICTCTCTTGTT 
. 1 1 IGTTTGCAGATAACTATTGTAAAA 


5174 
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Plietiotype,<3eiie, 
Plant &TdrqMed 
iteration 


AlteriilitOltqOS ^ 

. .f'.i.. ; : ft ; r- \ 


: SEQID 
KO: 




AMTGGGAIGAGGAAAA 


5175 




1 IIICCICAICCCAIII 


5176 


Male-sterile 
alobosa 

Antirrhinum majus 


AGCAACAGGCAGGTYACUACTCAAAGk 


5177 


Gly4Term 
GGA-TGA 


ICI 1 IGAGIAAGIAAGCIGCCIGI IGCI IGAGI ICICAAI ICI 1 1 IG 
ATCTCAAI 1 1 1 ICAICnCCCAl 1 1 1 1 1 IGI 1 1 1 IGI 1 1 1 ICTCTCTT 
Gl 1 1 1 IGTTTGCAGATAACTATTGTA 


5178 




TGGGAAGAIGAAAAATT 


5179 




AAl 1 1 1 ICATCTTCCCA 


5180 


Male-sterile 
alobosa 

Antirrhinum majus 


AATAGTOTCTGCAAACAAAAACAAGAGAGAAAAACAAAAACAAAAA 
AATGGGAAGAGGATAAATTGAGATCAAAAGAATTGAGAACTCAAGC 
AACAGGCAGGTOCTTACTCAAAGAGAA 


5181 


Lys5Term 


TTCTCTTTGAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTT 


5182 


AAA-TAA 


TTfiATrTrAAl 1 1 A 1 CP 1 PI 1 PPPA 1 1 1 1 1 1 1 (4 1 1 1 1 1 C^l 1 1 1 1 PTPT 
CTTGI 1 1 1 IGTTTGCAGATAACTATT 






GAAGAGGAIAAATTGAG 


5183 




CTCAATTTATCCTCTTC 


5184 


Male-sterile 
PI 


GCTGAGCTCTTGCTGCCC'1 1 GGA 1 C 1 G 1 1 1 GGGAG 1 GGAGAACGC 
AGTATGGGGCGCGGCTAGATCAAGATCAAGAGGATCGAGAACTCT 
ACCAACCGGCAGGTGACCTTCTCCAAGCGCC 


5185 


LysSTerm 
AAG-TAG 


GGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTCTCGATCC 

TCTTGATCTTGATCTAGCCGCGCCCCATACTGCGTTCTCCACTCC 

CAAACAGATCCAAGGGCAGCAAGAGCTCAGC 


5186 




GGCGCGGCIAGATCAAG 


5187 




CTTGATCTAGCCGCGCC 


5188 


Male-sterile 
PI 

Zea mays 


CTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 
GRGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
CGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


5189 


Lys7Term 
AAG-TAG 


CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGnC 

TCGATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 

CACTCCCAAACAGATCCAAGGGCAGCAAGAG 


5190 




GCAAGATCIAGATCAAG 


5191 




CTTGATCTAGATCTTGC 


5192 
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i 


Plienofype,<5€ne, 
Plant &TargetB?I . 


Altering Oligos 


SEQfD 
NO: 


1 
1 


\4ale-sterile C 
Zea mays C 


1 C 1 1 GC 1 GCCC 1 1 GGAI C 1 G 1 1 1 GGGAG 1 GGAGAACGCAG 1 Al G 
GGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
GGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


5193 


5 / 


Lys9Term C 
^AG-TAG T( 

a 


GGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

3GATCCTCTTGATCTAGATCTTGCCGCGCCCCATACTGCGTTCTC 

ACTCCCAAACAGATCCAAGGGCAGCAAGAG 


5194 




G 


CAAGATCTAGATCAAG 


5195 




C 


TTGATCTAGATCTTGC 


5196 


1 


Vlale-sterile G 
PI C 
Zea mays C 


A 1 CI G 1 1 1 GGGAG 1 GGAGAACGCAG 1 A 1 GGGGCGCGGCAAGA 1 
AAGATCAAGAGGATCTAGAACTCTACCAACCGGCAGGTGACCTT 
TCCAAGCGCCGGGCCGGACTGGTCAAGAAGG 


5197 


10 


Glu12Term C 
RAG-TAG C 

c 


CTTCTTGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 
R^^TT^;f5TA^;A^^TTPTAf^AT^^T^TTf^AT^TTf^ATPTTfi^'^^^Pf^^ 

1 1 1 rVJrvJ I M\Jr\ 1 1 L> 1 1 v3r\ 1 V,^ 1 1 OA 1 O 1 1 OwOOOOvy 

CCATACTGCGTTCTCCACTCCCAAACAGATC 


5198 




A( 


3AGGATCIAGAACTCT 


5199 




A( 


3AGTTCTAGATCCTCT 


5200 


1 


Vlale-sterile G 

PI A 
Zea mays A 


CTGAGCTCTTGCTGCCCTTGAATCTGTTAGGGAGTGGAGAACGG 

GTATGGGGCGCGGCTAGATCGAGATCAAGAGGATCGAGAACTCT 
CCAACCGGCAGGTGACCTTCTCCAAGCGCC 


6201 


15 


Lys5Term G 
/\AG-TAG T( 

c 


GCGCTTGGAGAAGGTCACGTGCCGGTTGGTAGAGTTCTCGATCC 
IITTGATCTCGATCTAGCCGCGCCCCATACTCCGTTCTCCACTCC 

^11 V^/ » 1 1 XX V^/ » 1 ^/ 1 «« Vi^ X^XX X^Vy X^ VXN^ V// \ 1 / »XX 1 X^xyV^ 1 I XX 1 ^X XX/ »XX 1 XX XX 

TAACAGATTCAAGGGCAGCAAGAGCTCAGG 


5202 




G 


GCGCGGCIAGATCGAG 


5203 




C 


TCGATCTAGCCGCGCC 


5204 




Male-sterile C 
Zea mays C 


TCTTGCTGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATG 

bUUoLrOoUAAoA 1 U 1 AoA 1 UAAvjiAboA 1 L/oAoAAU 1 U 1 ALrUAAU 

GGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


5205 


20 


Glu7Term C 

C 


GGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 
ACTCCCTAACAGATTCAAGGGCAGCAAGAG 


5206 




G 


CAAGATCTAGATCAAG 


5207 




C 


TTGATCTAGATCTTGC 


5208 




Male-sterile C 
PI C 
Zea mays G 


TGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATGGGGCG 

GGCAAGATCGAGATCTAGAGGATCGAGAACTCTACCAACCGGCA 

GTGACCTTCTCCAAGCGCCGGGCCGGACTGG 


5209 


25 


LysQTerm C 
/\AG-TAG G 

C 


CAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTA 

AGTTCTCGATCCTCTAGATCTCGATCTTGCCGCGCCCCATACTC 

GTTCTCCACTCCCTAACAGATTCAAGGGCAG 


5210 
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Plant &Targ^te«t 
Ailerafiort - 


AltorijigOltgo^ 


SEQID 
NO: 






rCGAGATCIAGAGGATC 


5211 






GATCCTCTAGATCTCGA 


5212 




Male-sterile ^ 
PI 

Zea mays 


^TCTGTTAGGGAGTGGAGAACGGAGTATGGGGCGCGGCAAGAT 
CGAGATCAAGAGGATCTAGAACTCTACCAACCGGCAGGTGACCTT 
CTCCAAGCGCCGGGGCGGACTGGTCAAGAAGG 


5213 


5 


Glu12Term 
GAG-TAG 


CCTTCTTGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 
rGGTTGGTAGAGTTCTAGATCCTCTTGATCTCGATCTTGCCGCGC 
CCCATACTCCGTrCTCCACTGCGTAACAGATT 


5214 






AGAGGATCTAGAACTCT 


5215 






AGAGTTCTAGATCCTCT 


5216 




Male-Sterile 
PI 

Oryza sativa 


TTGCTGCTAAGCTAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGG 
CGGGATGGGGCGCGGGTAGATCGAGATCAAGAGGATCGAGAACT 
CCACCAACCGCCAGGTGACCTTCTCCAAGCGCA 


5217 


10 


LysSTerm 
AAG-TAG 


TGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTCTCGATCG 

TCTTGATCTCGATCTACCCGCGCCCCATCCCGCCTCCTCCTCCTC 

CTCCTCCTTCCTCCAGCTAGCTTAGCAGCAA 


5218 






GGCGCGGGTAGATCGAG 


5219 






CTCGATCTACCCGCGCC 


5220 




Male-sterile 
PI 

rl 

Oryza sativa 


CTAAGCTAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGA 
AACCGCCAGGTGACCTTCTCCAAGCGCAGGAGCG 


5221 


15 


Glu7Term 
GAG-TAG 


CGCTCCTGCGCTTGGAGAAGGTCACGTGGCGGTTGGTGGAGTTC 
TGRATGnTGTTGATCTAGATCTTCCCGCGCCCCATCCCGCCTCCT 
CCTCCTCCTCCTCCTTCCTCCAGCTAGCTTAG 


5222 






GGAAGATCIAGATCAAG 


5223 






CTTGATCTAGATCTTCC 


5224 




Male-sterile 
PI 

r 1 

Oryza sativa 


TAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGC 

GCGGGAAGATCGAGATCTAGAGGATCGAGAACTCCACCAACCGC 

CAGGTGACCTTCTCCAAGCGCAGGAGCGGGATCC 


5225 


20 


Lys9Term 
AAG-TAG 


GGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTG 
GAGTTCTCGATCCTCTAGATCTCGATCTTCCCGCGCCCCATCCCG 
CCTCCTCCTCCTCCTCCTCCTTCCTCCAGCTA 


5226 






TCGAGATCIAGAGGATC 


5227 






GATCCTCTAGATCTCGA 


5228 
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PhenotypeifGene, 
^ Prant&Targetetl 


Alt0fing Oltgo$ 


SEQ© 
MO: 


Male-sterile 
PI 

Oryza sativa 

Glu12Term 

GAG-TAG 


GAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGCGCGGGAAGA 
TCGAGATCAAGAGGATCTAGAACTCCACCAACCGCCAGGTGACCT 
TCTCCAAGCGCAGGAGCGGGATCCTCAAGAAGG 


5229 


CCTTCTTGAGGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGC 

GGTTGGTGGAGTTCTAGATCCTCTTGATCTCGATCTTCCCGCGCC 

CCATCCCGCCTCCTCCTCCTCCTCCTCCTTC 


5230 


AGAGGATCIAGAACTCC 


5231 


GGAGTTCTAGATCCTCT 


5232 
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Example 7 

En gineering plants for abiotic stress tolerance 

Environmental stresses, such as drought, increased soil salinity, soil contamination with 
heavy metals, and extreme temperature, are major factors limiting plant growth and productivity. The 
worldwide loss in yield of three major cereal crops, rice, maize, and wheat due to water stress (drought) has 
been estimated to be over ten billion dollars annually and many currently marginal soils could be brought 
into cultivation if suitable plant varieties were available. 

Physiological and biochemical responses to high levels of ionic or nonionic solutes and 
decreased water potential have been studied in a variety of plants. It is known, for example, that increasing 
levels of alcohol dehydrogenase can confer enhances flooding resistance in plants. There are also several 
possible mechanisms to enhance plant salt tolerance. For example, one mechanism underlying the 
adaptation or tolerance of plants to osmotic stresses is the accumulation of compatible, low molecular weight 
osmolytes such as sugar alcohols, special amino acids, and glycinebetaine. Such accumulation can be 
engineered, for example, by removing feedback inhibition on 1-pyrroline-t-carboxylate synthetase, which 
results in accumulation of proline. Additionally, recent experiments suggest that altering the expression or 
activity of specific sodium or potassium transporters can confer enhanced salt tolerance. 

Plant tolerance of contamination by heavy metals such as lead and aluminum in soils has 
also been investigated and one mechanism underlying tolerance is the production of dicarboxylic acids such 
as oxalate and citrate. In addition, individual genes involved in heavy metal sensitivity have been identified. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that confer stress tolerance in plants. 
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Table 17 

Genome-Altering Oligos Conferring Stress Tolerance 



Pbenotype^ Sene, 
Pi«Hit& Targeted 
Afteratioa 


Attiring Oligos 


r SEQfD 

\ HO; 


Salt Tolerance 
P5CS 

Arabidopsis thaliana 


CGICI 1 1 1 IGIGIGGIAGI 1 GGA 1 G 1 GAUGG 1 IGCICAAAIGCI 1 
GTGACCGATAGCAGTGCTAGAGATAAGGAI 1 1 CAGGAAGCAACT 
AGTGAAACTGTCAAAGCGATGCTGAGGATGA 


5233 

r 


Phe128Ala 
TTT-GCT 


ICAICCICAGCAICGCI 1 IGACAGI 1 ICACIAAGI IGCI ICCIGA; 
ATCCTTATCTCTAGCACTGCTATCGGTCACAAGCATTTGAGCAAC 
GTCACATCCAACTACCACACAAAAAGACG 


\ 5234 
C 




ATAGCAGTGCTAGAGAT 


5235 




ATCTCTAGCACTGCTAT 


5236 


Salt Tolerance 
P5CS1 

Brassica napus 


GAGACTATGTTTGACCAGCTGGATGTGACGGCTGCTCAGCTGCT 
GTGAATGACAGTAGTGCCAGAGACAAGGAGTTCAGGAAGCAACT 
AATGAGACAGTGAAGTCCATGCTTGATTTGA 


G 5237 
T 


Phe128Ala 
TTC-GCC 


TCAAATCAAGCATGGACTTCACTGTCTCATTAAGTTGCTTCCTGA/ 
CTCCTTGTCTCTGGCACTACTGTCATTCACCAGCAGCTGAGCAG( 
CGTCACATCCAGCTGGTCAAACATAGTCTC 


\ 5238 




ACAGTAGTGCCAGAGAC 


5239 




GTCTCTGGCACTACTGT 


5240 


Salt Tolerance 
P5CS2 

Brassica napus 


GAGACTATGTTTGACCAGATGGATGTGACGGTGGCTCAAATGCTi 
GTGACTGATAGCAGTGTCAGAGATAAGGATTTCAGGAAGCAACTl 
AGTGAGACAGTCAAAGCTATGCTGAAAATGA 


3 5241 

r 


Phe129Ala 
TTC-GCC 


1 CA 1 1 II CAGCA 1 AGC 1 1 1 GAC 1 G 1 C 1 CAC 1 AAG 1 I'GCTTCCTGA/ 
ATCCTTATCTCTGACACTGCTATCAGTCACCAGCATTTGAGCCAC 
GTCACATCCATCTGGTCAAACATAGTCTC 


Si 5242 
C 




ATA A OTOTO A O A O A T 

ATAGCAGTGTCAGAGAT 






ATCTCTGACACTGCTAT 


5244 


Salt Tolerance 
P5CS 

Oryza sativa 


GAIAIGI IGI 1 lAACCAACIGGAIGICICGICAICICAACI ICI IC 
TCACCGACAGTGATGCTGAGAACCCAAAGTTCCGGGAGCAACTC 
CTGAAACTGTTGAGTCATTATTAGATCTTA 


3 5245 

;a 


Phe128Ala 
TTT-GCT 


taagatctaataatgactcaacagtttcagtgagttgctcccgga 
ctttgggttctcagcatcactgtcggtgacaagaagttgagatg; 
cgagacatccagttggttaaacaacatatc 


A 5246 

\ 




ACAGTGATGCTGAGAAC 


5247 




GTTCTCAGCATCACTGT 


5248 



wo 01/92512 



-98- 



PCT/USOl/17672 



:Pfienotype,Oene, 
Piditt& Targeted 
Alteration 


Afterfrtg Ongd$ 


SEaiD 


Salt Tolerance 

P5CS 

Medicago sativa 


GAIAI HIGH lAGICAGCIGGAIGIGACAICIGCICAGCI ICI 
TTACTGACAATGATGCTAGAGACCAAGAI 1 1 1 AGAAAGCAACTT1 
TGAAACTGTGAGATCACTTCTAGCACTAA 


rG 5249 

rc 


Phe128A!a 
TTT-GCT 


II AG 1 GCTAGAAG 1 GA 1 C i CACAG 1 1 1 CAGAAAG 1 1 GC 1 1 1 U 1 A/ 
ATCTTGGTCTCTAGCATCATTGTCAGTAACAAGAAGCTGAGCAG 
GTCACATCCAGCTGACTAAACAAAATATC 


\A 5250 
AT 




ACAATGATGCTAGAGAC 


5251 




GTCTCTAGCATCATTGT 


5252 


Salt Tolerance 
P5CS 

Actinidia deliciosa 


GATACATTGTTTAGTCAGCTGGATGTGACATCAGCTCAGCTACT 
GTTACTGATAATGATGCTAGGGATCCAGAATTCAGGAAGCAAC7 
CTGAAACTGTAGAATCACTATTGAAI 1 IGA 


C 5253 
TA 


Phe128Ala 
TTT-GCT 


TCAAATTCAATAGTGATTCTACAGTTTCAGTAAGTTGCTTGCTGi^ 
TCTGGATCCCTAGCATCATTATCAGTAACGAGTAGCTGAGCTG/ 
GTCACATCCAGCTGACTAAACAATGTATC 


AT 5254 




ATAATGATGCTAGGGAT 


5255 




ATCCCTAGCATCATTAT 


5256 


Salt Tolerance 
P5CS 

Cichorium intybus 


GACACACTCTTCAGTCAACTGGATGTGACATCAGCACAGCTTCl 

^^^^ A A ^% A A A A A A A A ^^^^ /V A A A ^^^^^^ A A A A A A A ^^^T 

GTAACAGATAATGACGCCAGAAGTCCAGAATTTAGAAAACAACT 
CTGAAACAGTCGATTCTTTATTATCTTATA 


T 5257 
TA 


Phe122Ala 
TTC-GCC 


lAIAAGAIAAIAAAGAAICGACIGI 1 ICAGIAAGI IGI 1 1 ICIAAi 
TCTGGACTTCTGGCGTCATTATCTGTTACAAGAAGCTGTGCTGy^ 
GTCACATCCAGTTGACTGAAGAGTGTGTC 


^T 5258 
J 




ATAATGACGCCAGAAGT 


5259 




ACTTCTGGCGTCATTAT 


5260 


Salt Tolerance' 
P5CS 

Lycopersicon 


GATTCTTTGTTCAGTCAGTTGGATGTGACATCAGCTCAGCTTCT 
TGACTGATAATGACGCTAGAGATCCAGAI 1 1 lAGGAGACAACTC 
TGACACAGTAAATTCGTTGCTTTCTCTAA 


GG 5261 
AA 


esculentum 
Phe128Ala 
TTT-GCT 


TTAGAGAAAGCAACGAATTTACTGTGTCATTGAGTTGTCTCCTAy 
ATCTGGATCTCTAGCGTCATTATCAGTCACCAGAAGCTGAGCTC 
TGTCACATCCAACTGACTGAACAAAGAATC 


\A 5262 
5A 




ATAATGACGCTAGAGAT 


5263 




ATCTCTAGCGTCATTAT 


5264 


Salt Tolerance 
P5CS 

Vigna unguiculata 


GATACCATGTTCAGCCAGCTTGATGTGACTTCTTCCCAACTTCT 
TGAATGATGGATTTGCTAGGGATGCTGGCTTCAGAAAACAACTT 
GGACACAGTGAACGCGTTATTAGAI 1 lAA 


TG 5265 
TC 


Phe162Ala 
TTT-GCT 


1 lAAAICIAAIAACGCGI 1 CAC 1 G 1 G 1 CCGAAAG 1 IGI 1 1 ICIG/ 
GCCAGCATCCCTAGCAAATCCATCATTCACAAGAAGTTGGGAAC 
AGTCACATCAAGCTGGCTGAACATGGTATC 


\A 5266 
3A 




ATGGATTTGCTAGGGAT 


5267 
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Pi^ttl& Targeted 
.Alteration 




i SEQID 

L NO: 




ATCCCTAGCAAATCCAT 


5268 


Salt Tolerance 
P5CS 

Mesembryanthemum 


GACACCTTG 1 1 1 AGTCAGTTGGATCTGACTGCTGCTCAGCTGCTT 
GTGACGGACAACGACGCTAGAGATCCAAGI 1 1 1 AGAACACAACTA 
ACTGAAACAGTGTATCAGTTGTTGGATCTAA 


5269 


crystallinum 

Phe125Ala 

TTT-GCT 


TTAGATCCAACAACTGATACACTGTTTCAGTTAGTTGTGTTCTAAAA 
CTTGGATCTCTAGCGTCGTTGTCCGTCACAAGCAGCTGAGCAGCA 
GTCAGATCCAACTGACTAAACAAGGTGTC 


5270 




ACAACGACGCTAGAGAT 


5271 




ATCTCTAGCGTCGTTGT 


5272 


Salt Tolerance 
P5CS 

Vitis vinifera 


GACACATTATTTAGCCAGCTGGATGTGACATCAGCTCAGCTTCTT 
GTGACTGATAATGATGCTAGGGATGAAGC 1 1 1 CCGAAATCAACTTA 
CTCAAACAGTGGATTCAnGTTAGCTTTGA 


5273 


Phe130Ala 
TTT-GCT 


TCAAAGCTAACAATGAATCCACTGTTTGAGTAAGTTGATTTCGGAA 
AGCTTCATCCCTAGCATCATTATCAGTCACAAGAAGCTGAGCTGAT 
GTCACATCCAGCTGGCTAAATAATGTGTC 


5274 




ATAATGATGCTAGGGAT 


5275 




ATCCCTAGCATCATTAT 


5276 


Salt Tolerance 
P5CS 

Vigna aconitifolia 


GATACGCTGTTCACTCAGCTCGATGTGACATCGGCTCAGCTTCTT 
GTGACGGATAACGATGCTCGAGATAAGGA 1 1 1 OAbbAAGCACaO 1 1 
ACTGAGACTGTGAAGTCGCTGTTGGCGCTGA 


5277 


Phe129Ala 
1 1 1 -GCT 


TCAGCGCCAACAGCGACTTCACAGTCTCAGTAAGCTGCTTCCTGA 
AATCCTTATCTCGAGCATCGTTATCCGTCACAAGAAGCTGAGCCG 
ATGTCACATCGAGCTGAGTGAACAGCGTATC 


5278 




ATAACGATGCTCGAGAT 


5279 




ATCTCGAGCATCGTTAT 


5280 


Salt Tolerance 
HKT1 

Arabidopsis thaliana 


AGAGATGTTCTTAGTTCCAAAGAAATCTCACC 1 C 1 CAC 1 1 1 CTCCG 
TCTTCACAACAGTTGTUACCa M TtiCAAALr 1 bUbbA 1 M b 1 UL»UUAL 
GAATGAGAACATGATCATCI 1 ICGCAAAA 


5281 

r 


Ser207Val 
TCC-GTC 


1 1 1 IGCGAAAGAIGAICAIGI 1 UrCATTCGTGGGGACAAATCCGO^ 
GTTTGCAAACGTGACAACTGTTGTGAAGACGGAGAAAGTGAGAGG 
TGAGATTTCTTTGGAACTAAGAACATCTCT 


I 5282 




CAACAGTTGTCACGTTT 


5283 




AAACGTGACAACTGTTG 


5284 


Salt Tolerance 
HKT1 

Arabidopsis tlialiana 


CGAATGAGAACATGATCAICI 1 1 CGCAAAAACTCTGGTCTCATCTG 
GCTCCTAATCCCTCTAGTACTGATGGGAAACACTTTGTTCCCTTGC 
TTCTTGGI 1 1 1 GCTCATATGGGGACTTTA 


5285 


Gln237Leu 
CAA-CTA 


TAAAGTCCCCATATGAGCAAAACCAAGAAGCAAGGGAACAAAGTG 
TTTCCCATCAGTACTAGAGGGATTAGGAGCCAGATGAGACCAGAG 
. TTTTTGCGAAAGATGATCATGTTCTCATTCG 


5286 
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Pftenotype, Gene, 

:•:o:•:-;•;•;l■:•;^)C*l.l■fc;•^*;-;•1^0Ut^**^;V.^V*;•;■:■:■;•:^■ 

Alteration 




SEQib 

MO: 




AATCCCTCIAGTACTGA 


5287 




TCAGTACTAGAGGGATT 


5288 


Salt Tolerance 
Arabidopsis thaliana 


AGTCTCTAGAAGGAATGAGTTCGTACGAGAAGTTGGTTGGATCGT 

Tf5TTTPAAriTr;r5Tf3Ar;TTPf5P<^APAPAPPrir5Ar;AAAPTATAr;TAr; 
1 O 1 1 1 \jr\r\\J 1 1 OAV3 1 1 0VJL>OrtV»<A0rtL>VjV3OAO/v\r\Vj 1 A 1 MO 1 rtVJ 

ACCTCTCTACACTTTCCCCAGCTATCTTGGT 


5289 


Asn332Ser 
A AT Acrr 

MM 1 -Mo 1 


ACCAAGATAGCTGGGGAAAGTGTAGAGAGGTCTACTATAGTTTCT 
TTCTCGTACGAACTCATTCCTTCTAGAGACT 


5290 




AGTGGTGAGTTCGCGAC 


5291 




GTCGCGAACTCACCACT 


5292 


bait loierance 

HKT1 

Eucalyptus 


A/"»A/-»ATOT/"*OTA AAZ-'AAZ-'AA Af^Z-'Tr'T/^ A A A AT/^'OT/"' ArT^TTTTrT' 

AoAvjA I o 1 CjO I AAAoAAUAAAob 1 0 1 UAAAA 1 oo 1 0AL.L. 1 1 1 1 

GTCTTCACCACCGTGGTGACCTTTGCCAGTTGTGGGTTTGTCCCG 

ACCAATGAAAACATGATTATCTTCAGCAAAA 


oZ\)o 


camaldulensis 

Ser256Val 

TCG-GTG 


1 1 1 IGCIGAAGAIAAICAIGI 1 1 ICAI 1 GG 1 CGGGACAAACCCACA 
ACTGGCAAAGGTCACCACGGTGGTGAAGACGGAAAAGGTCACCA 
1 1 1 IGAGACCTTTCTTCTTTAGCACATCTCT 


5294 




CCACCGTGGIGACCTTT 


5295 




AAAVju 1 OALUAUob 1 ob 




bait loiBrance 
HKT1 

Eucalyptus 


r^f^A AX^A A A AOAT/"" ATTAT^'TTOAOr' A AAA Af^Tr'Tr^/^/^/^Tr'OTr^^T 

L/L/AA 1 oAAAALA 1 UA 1 1 A 1 U 1 1 UAbL/AAAAAU 1 L. 1 bbL/L. 1 L>L> \ L>L, 1 

GATTCTCATCCCTCTGGCCCTTCTTGGGAACATGCTGTTCCCATC 
GAGCCTACGTTTGACGCTTTGGCTCATCGG 




camaldulensis 

Gln286Leu 

CAG-CTG 


CCGATGAGCCAAAGCGTCAAACGTAGGCTCGATGGGAACAGCAT 
GTTCCCAAGAAGGGCCAGAGGGATGAGAATCAGGAGGAGGCCA 
GAGI 1 1 1 IGCIGAAGAIAAICAIGI 1 1 ICATTGG 


5298 




CATCCCTCIGGCCCTTC 


5299 




OA ArTT^Pr'A^ AOrT' AT^ 

bAAbobUL'AbAbbbA 1 b 


ooUU 


bait 1 oierance 
HKT1 

Eucalyptus 


A A Tr^OTTO A A TOO A OTA A OOTOOTOXO A O A A A ATC'r^Tf^f^r^f^r^r'l^f^ 

AA 1 Lb 1 1 bAA 1 bbAU 1 AAbU 1 bU 1 b 1 bAbAAAA 1 bb 1 bbbbbbbb 
TGI 1 1 CAGTGCGTGAGCAGCAGACATACCGGCGAGACGGTCGTC 
GATCTGTCCACAGTTGCTCCCGCCATCTTGGT 


ooUl 


camaldulensis 

Asn381Ser 

AAC-AGC 


ACCAAGATGGCGGGAGCAACTGTGGACAGATCGACGACCGTCTC 
GCCGGTATGTCTGCTGCTCACGCACTGAAACAGCGCGCCCACGA 
1 1 1 ICTCACAGGAGCTTAGTCCATTCAACGATT 


5302 




GTGCGTGAGCAGCAGAC 


5303 




GTCTGCTGCTCACGCAC 


5304 
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, Pftenot^e, Sene, 




SEQID 






Salt Tolerance 
HKT1 

Oryza sativa 


AAAGCTCCACTGAAGAAGAAAGGGATCAACATTGCACTCTTCTCAT 
TCTCGGTCACGGTCGTCTCG 1 1 1 GCGAATGTGGGGCTCGTGCCG 
ACAAATGAGAACATGGCAATCTTCTCCAAGA 


5305 


Ser238Val 
TCC-GTC 


TCTTGGAGAAGATTGCCATGTTCTCATTTGTCGGCACGAGCCCCA 
CATTCGCAAACGAGACGACCGTGACCGAGAATGAGAAGAGTGCA 
ATGTTGATCCCTTTCTTCTTCAGTGGAGCI 1 1 


5306 




TCACGGTCGICTCGTTT 


5307 




AAACGAGACGACCGTGA 


5308 


Salt Tolerance 
HKT1 

Oryza sativa 


CAAATGAGAACATGGCAATCTTCTCCAAGAACCCGGGCCTCCTCC 
TCCTGTTCATCGGCCTGATTCTTGCAGGCAATACAC 1 1 1 ACCCTCT 
CTTCCTAAGGCTATTGATATGGTTCCTGGG 


5309 


Gln268Leu 
CAG-CTG 


CCCAGGAACCATATCAATAGCCTTAGGAAGAGAGGGTAAAGTGTA 
TTGCCTGCAAGAATCAGGCCGATGAACAGGAGGAGGAGGCCCGG 
GTTCTTGGAGAAGATTGCCATGTTCTCATTTG 


5310 




CATCGGCCIGATTCTTG 


5311 




CAAGAATCAGGCCGATG 


5312 


Salt Tolerance 
HKT1 

0/yza saf/Va 


CAG 1 C II 1 GA 1 GGAC 1 CAGC 1 C 1 1 ACCAGAAGA 1 1 A 1 CAA TGCATT 
GTTCATGGCAGTGAGCGCAAGGCACTCGGGGGAGAACTCCATCG 
ACTGCTCACTCATCGCCCCTGCTGTTCTAGT 


5313 


Asn363Ser 

A A A 

AAC-AGC 


ACTAGAACAGCAGGGGCGATGAGTGAGCAGTCGATGGAGTTCTC 

<\. AX XV XX A XX"T" XX XV XN*^^^ ^X XX ^X X^m" XX A XX"t" XX XX XX A "T" XX A A XX A A ^X A ' 1 " I A A A 

CCCCGAGTGCCTTGCGCTCACTGCCATGAACAATGCATTGATAAT 
CTTCTGGTAAGAGCTGAGTCCATCAAAGACTG 


5314 




GGCAGTGAGCGCAAGGC 


5315 




GCCTTGCGCTCACTGCC 


5316 


Salt Tolerance 

1 ll/"T"H 

HKTl 

Triticum aestivum 


GTGCCCCACTGAACAAGAAAGGGATCAACATCGTGCTCTTCTCAC 

T" AT"/^ A /^TT/^ A i^/^OT — T/^T/^TTO/^T/^T/^O/^ A A TOO A OO A OTOOTOOOO A 

TATCAGTCACCGTTGTCTCCTGTGCGAATGCAGGACTCGTGGCCA 
CAAATGAGAACATGGTCATCTTCTCAAAGAA 


5317 


Ala240Val 
GCC-GTC 


1 ICI 1 IGAGAAGAIGACCAIGI ICICAI 1 1 G 1 GGGCACGAG 1 CC 1 

GCATTCGCACAGGAGACAACGGTGACTGATAGTGAGAAGAGCAC 

GATGTTGATCCCTTTCTTGTTCAGTGGGGCAC 


5318 




CACCGTTGICTCCTGTG 


5319 




CACAGGAGACAACGGTG 


5320 


Salt Tolerance 
HKT1 

Tiiticum aestivum 


CAAATGAGAACATGGTCATCTTCTCAAAGAATTCAGGCCTCTTGTT 
GCTGCTGAGTGGCCTGATGCTCGCAGGCAATACATTGTTCCCTCT 
CTTCCTGAGGCTACTGGTGTGGTTCCTGGG 


5321 


Gln270Leu 
CAG-CTG 


CCCAGGAACCACACCAGTAGCCTCAGGAAGAGAGGGAACAATGT 
ATTGCCTGCGAGCATCAGGCCACTCAGCAGCAACAAGAGGCCTG 
AATTCTTTGAGAAGATGACCATGTTCTCATTTG 


5322 




GAGTGGCCTGATGCTCG 


5323 
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Pfienotype, Oene, 








sea ID 

NO: 


Pldtttl^ Targeted 
Alteration 


Alterirtg Oil^O^ 




CGAGCATCAGGCCACTC 


5324 


Salt Tolerance 
HKT1 

Triticum aestivum 


CAGICI 1 1 GATGGGCTCAGCTCTTATCAGAAGACTGTCAATGCATT 

CTTCATGGTGGTGAGTGCGAGGCACTCAGGGGAGMTTCCATCG 

ACTGCTCGCTCATGTCCCCTGCCATTATAGT 


5325 


Asn365Ser 

A AT AOT 


ACTATAATGGCAGGGGACATGAGCGAGCAGTCGATGGAATTCTCC 

CCTGAGTGCCTCGCACTCACCACCATGAAGAATGCATTGACAGTC 
TTCTGATAAGAGCTGAGCCCATCAAAGACTG 


5326 




GGTGGTGAGTGCGAGGC 


5327 




GCCTCGCACTCACCACC 


5328 


Freezing Tolerance 
proline oxidase 
precursor 


1 1 1 1 1 1 1 IGI 1 1 lUGI 1 1 IUAAAAACAAAAIUI I IGAAI I 1 lATGGCA 
ACCCGTCTTCTCTGAACAAACTTTATCCGGCGATCTTACCGTTTAC 
CCGCI 1 1 lAGCCCGGTGGGTCCTCCCA 


5329 


Arabidopsis thaliana 

Arg7Term 

CGA-TGA 


TGGGAGGACCCACCGGGCTAAAAGCGGGTAAACGGTAAGATCGC 

CGGATAAAGTrTGTTCAGAGAAGACGGGTTGCCATAAAATTCAAA 

GATTTTGTTTTTGAAAACGAAAACAAAAAAAA 


5330 




GTCTTCTCIGAACAAAC 


5331 




b 1 1 1 b 1 1 UAbAbAAbAL 


oooz 


Freezing Tolerance 

nrnlinp nxlrla^ip 

IJI Willie W/VI\JClOC 

precursor 


TCAAAAACAAAATC 1 1 IbAAl 1 1 1 ATGGCAACCCGTCTTCTCAGAA 
CAAACTTTATnCRfiTRATCTTACOnTTTAnnnGni 1 1 lAGCCnGGT 
GGGTCCTCCCACCGTGACTGCTTCCACCG 


5333 


Arabidopsis thaiiana 

Arg13Term 

CGA-TGA 


CGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGGCTAAAAGC 
GGGTAAACGGTAAGATCACCGGATAAAG 1 1 1 GTTCTGAGAAGACG 
GGTTGCCATAAAATTCAAAGAI 1 1 IGI 1 1 1 IGA 


5334 




™tccggigatcttac 


5335 




GTAAGATCACCGGATAA 


5336 


Freezing Tolerance 
proline oxidase 
precursor 


A A A A T"/^' 1 I 1 '/^ A A ' | | ' | ' | ' A "T"/^/^/^ A A /*> Z*^^" 1 1 /^*T"/^/^/^ A A AAA III' A 

AAAATCl 1 IGAAI 1 1 1 A 1 GbUAAOUUb 1 L 1 1 0 1 OUGAAUAAAO 1 1 lA 
TCCGGCGATCTTAGCGTTTACCCGCI 1 1 1 AGCCCGGTGGGTCCTC 
CCACCGTGACTGCTTCCACCGCCGTCGTC 


5337 


Arabidopsis tiialiana 

Tyr15Term 

TAC-TAG 


GACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGG 
CTAAAAGCGGGTAAACGCTAAGATCGCCGGATAAAGTTTGTTCGG 
AGAAGACGGGTTGCCATAAAATTCAAAGAI 1 1 1 


5338 




CGATCTTAGCGTTTACC 


5339 




GGTAAACGCTAAGATCG 


5340 
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Alteratior^ 


' ' ■ ^ Alterirtg Oli^Or ^ 


sea ID 

liiili 


Freezing Tolerance 
proline oxidase 
precursor 


CTTTGAAl 1 1 1 ATGGCMCCCGTCTTCTCCGAACAAAC 1 1 1 ATCCG 
GCGATCTTACCGTTAACCCGCI 1 1 1 AGCCCGGTGGGTCCTCCCAC 
CGTGACTGCTTCCACCGCCGTCGTCCCGGA 


5341 


Arabidopsis thaliana 

Leu17Term 

TTA-TAA 


TCCGGGACGACGGCGGTGGAAGCAGTCACGGTGGGAGGACCCA 

CCGGGCTAAAAGCGGGTTAACGGTAAGATCGCCGGATAAAGTTTG 

TTCGGAGAAGACGGGTTGCCATAAAATTCAAAG 


5342 




TOCCGTTAACCCGCTT 


5343 






0044 


Freezing Tolerance 
proline oxidase 
precursor 


CCGGTGGGTCCTCCCACCGTGACTGCTTCCACCGCCGTCGTCCC 

GGAGATTCTCTCCTTTTGACAACAAGCACCGGAACCACCTCTTCA 

CCACCCAAAACCCACCGAGCAATCTCACGATG 


5345 


Arabidopsis thaliana 

Gly42Term 

GGA-TGA 


CAICGIGAGAI IGCICGGIGGGI 1 1 1 GGG 1 GG 1 GAAGAGG 1 GG 1 

TCCGGTGCTTGTTGTCAAAAGGAGAGAATCTCCGGGACGACGGC 

GGTGGAAGCAGTCACGGTGGGAGGACCCACCGG 


5346 




TCTCCTTTIGACAACAA 


5347 




TTGTTGTCAAAAGGAGA 


5348 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 


ACATGAAGCAGTGAAA 1 U 1 U 1 G 1 1 1 G 1 A 1 1 GAATCTTATTAGTCTCA 
AACTATGAATTTCTGACAAGAGAAGI 1 1 GTAAGGTCAGTGTTCCAG 
ATTTGTCTCATTGAATTCTAAGTCGTGA 


5349 


Arabidopsis ttialiana 

Arg4Term 

CGA-TGA 


TCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGACCTTAC 
AAACTTCTCTTGTCAGAAATTCATAGTTTGAGACTAATAAGATTCAA 
TACAAACAGAGATTTCACTGCTTCATGT 


5350 




TGAATTTCIGACAAGAG 


5351 




OTPTTOTO A A A ATTO A 

U 1 U 1 1 o 1 UAoAAA I 1 Lr A 




Lead Tolerance 
fjvniin nunlpotirip- 
regulated ion channel 


TGAAGCAGTGAAATCTCTG 1 1 1 GTATTGAATCTTATTAGTCTCAAAC 
TATGAATTTCCGATAAGAGAAG 1 1 1 GTAAGGTCAGTGTTCCAGATT 
TGTCTCATTGAATTCTAAGTCGTGAAGC 


5353 


Arabidopsis thaliana 

GInSTerm 

CAA-TAA 


GCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGACCT 
TACAAACTTCTCTTATCGGAAATTCATAGTTTGAGACTAATAAGATT 
CAATACAAACAGAGAI 1 ICACTGCTTCA 


5354 




ATTTCCGAIAAGAGAAG 


5355 




CTTCTCTTATCGGAAAT 


5356 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 


AGCAGTGAAATGTCTGTTTGTATTGAATCTTATTAGTCTCAAACTAT 
GAATTTCCGACAATAGAAGTTTGTAAGGTCAGTGTTCCAGATTTGT 
CTCATTGAATTCTAAGTCGTGAAGCTTA 


5357 


Arabidopsis thaliana 

GluBTerm 

GAG-TAG 


TAAGCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACACTGA 

CCTTACAAACTTCTATTGTCGGAAATTCATAGTTTGAGACTAATAA 

GAnCAATACAAACAGAGATTTCACTGCT 


5358 
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20 



^ Plieriotype, Gene, 
















SEOIS 


Piartl& Targeted 
' Alferatfen - ' 














^.....h 






TCCGACAATAGAAGTTT 


5359 




AAACTTCTATTGTCGGA 


5360 


Lead Tolerance . 
cyclic nucleotide- 
regulated ion channel 


AGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAACTATGAA 
TTTCCGACAAGAGTAG 1 1 1 GTAAGGTCAGTGTTCCAGATTTGTCTC 
ATTGAATTCTAAGTCGTGAAGCTTAATT 


5361 


Arabidopsis thaliana 

Lys7Term 

AAG-TAG 


AATTAAGCTTCACGACTTAGAATTCAATGAGACAAATCTGGAACAC 
TGACCTTACAAACTACTCTTGTCGGAAATTCATAGTTTGAGACTAA 
TAAGATTCAATACAAACAGAGATTTCACT 


5362 




GACAAGAGIAGTTTGTA 


5363 




TACAAACTACTCTTGTC 


5364 


Lead Tolerance 
cvclic nucleotide- 
regulated ion channel 


CAI IGAAI ICIAAGICGIGAAGCI I.AAI ICGAI ICI ICI ICACI 1 IC 

TCGGATCAGGTTTTAAGATTGGAAGTCGGATAAGACTTCCTCCGA 

CGTGGAATATTCCGGTAAAAACGAGATTC 


5365 


Arabidopsis thaliana 

Gln12Term 

CAA-TAA 


GAATCTCGTTTTTACCGGAATATTCCACGTCGGAGGAAGTCTTATC 

CGACTTCCAATCTTAAAACCTGATCCGAGAAAGTGAAGAAGAATC 

GAATTAAGCTTCACGACTTAGAATTCAATG 


5366 




TCAGGTTTIAAGATTGG 


5367 




CCAATCTTAAAACCTGA 


5368 


Lead Tolerance 
cvclic nucleotide- 
gated calmodulin- 


TGGAAGTCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAA 
GTTATGAATCACCGCTAAGACGAG 1 1 1 G 1 GAGG 1 1 1 CAGGATTGG 
AAATCAGAGAGAAGCTCTGAGGGAAAI IMC 


5369 


binding ion channel 
(CBP4) 

Nicotiana Tabacum 


GAAAATTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTGAAACCT 
CACAAACTCGTCTTAGCGGTGATTCATAACTTTAGCCAATGCATCA 
ACCTGCTCAACGTGGGGGATTGACTTCCA 


5370 


GInSTerm 
CAA-TAA 


ATCACCGCIAAGACGAG 


5371 


CTCGTCTTAGCGGTGAT 


5372 


Lead Tolerance 
gated calmodulin- 


TCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAAGTTATG 
AATCACCGCCAAGACTAGTTTGTGAGGTTTCAGGATTGGAAATCA 
GAGAGAAGCTCTGAGGGAAAI 1 1 ICATGCTA 


5373 


binding ion channel 
(CBP4) 

Nicotiana Tabacum 


lAGCAIGAAAAl 1 ICCCIUAGAGCI ICICICIGAI 1 ICCAAICCIG 
AAACCTCACAAACTAGTCTTGGCGGTGATTCATAACTTTAGCCAAT 
GCATCAACCTGCTCAACGTGGGGGATTGA 


5374 


Gly7Term 
GAG-TAG 


GCCAAGACIAGTTTGTG 


5375 


CACAAACTAGTCTTGGC 


5376 
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PhBmt^e, Gene, 
Plant 4tTdr3$tQd 
AlteiidlQfi^ 


\ = ^ 


SEaiD 

NO; 




Lead Tolerance 

cyclic nucleotide- 
gated calmodulin- 


GAGCAGGTTGATGCATTGGCTAAAGTTATGAATCACCGCCAAGAC 
GAGI 1 IGTGAGGTTTTAGGATTGGAAATCAGAGAGAAGCTCTGAG 
GGAAATTTTCATGCTAAAGGTGGAGTCCACC 


5377 


5 


binding ion ciiannel 
(CBP4) 

Nicotians Tabacum 


GGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAGCTTCTCTC 
TGATTTCCAATCCTAAAACCTCACAAACTCGTCTTGGCGGTGATTC 
ATAACI 1 lAGCCAATGCATCAACCTGCTC 


5378 




Gln12Term 
CAG-TAG 


TGAGGTTTIAGGATTGG 


5379 




CCAATCCTAAAACCTCA 


OooU 


10 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 


TGATGCATTGGUTAAAGTTATGAAIUAUUUUUAAUAUUAUI 1 lUl 
GAGGI 1 ICAGGATTGTAAATCAGAGAGAAGCTCTGAGGGAAATTT 
TCATGCTAAAGGTGGAGTCCACCGAAGTAAA 


5381 




binding ion channel 
(CBP4) 

Nicotiana Tabacum 


TTTACTTCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAG 
CTTCTCTCTGATTTACAATCCTGAAACCTCACAAACTCGTCTTGGC 
GGTGATTCATAACTTTAGCCAATGCATCA 


5382 


15 


Trp14Term 
TGG-TGA 


CAGGATTGIAAATCAGA 


5383 




TCTGAi 1 lACAATCCTG 


5oo4 




Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 


GATGCATTGGCTAAAGTTATGAATCACCGCCAAGACGAGTTTGTG 
AGGTTTCAGGATTGGIAATCAGAGAGAAGCTCTGAGGGAAAI 1 1 1 
CATGCTAAAGGTGGAGTCCACCGAAGTAAAG 


5385 


20 


binding ion channel 
(CBP4) 

Nicotiana Tabacum 


CI 1 lACI ICGGIGGACrCCACCI 1 lAGCAIGAAAAl 1 ICCCIGAGA 
GCTTCTCTCTGATTACCAATCCTGAAACCTCACAAACTCGTCTTGG 
CGGTGATTCATAACTTTAGCCAATGCATC 


5386 




Lys15Term 
AAA-TAA 


AGGATTGGTAATCAGAG 


5387 




CTCTGATTACCAATCCT 


KIQQ 
OOOO 


25 


Lead Tolerance 
calmodulin bindina 

^/ ^Al III VI \^ 1 1 1 1 III \A 111 24 

transport protein 


CTTGAAGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGG 
TGGAGATAATGATGIAAAGAGAGGACAGATATGTTAGATTTCAGGA 
CTGCAAATCAGAGCAATCTGTTATCTCAG 


5389 


30 


Hordeum vulgare 

Glu2Term 

GAA-TM 


CiGAGAI AACAGAI 1 GCI U 1 GAM 1 GCAG 1 CC 1 GAAA 1 C 1 AACAFA 
TCTGTCCTCTCTTTACATCATTATCTCCACCAGGCGAACAGTTAGC 
AGCTAAGAGTGGTAGATCAATTCTTCAAG 


5390 






TAATGATGIAAAGAGAG 


5391 






CICIGI i lACAICAl lA 


5392 
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\ SEQID 
^ MO" 




Alterfttg Oag0$ 

K.y. 7:f: fr 


Lead Tolerance 

calmodulin bindina 
transport protein 


GMGAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTG 
GAGATAATGATGGAATGAGAGGACAGATATGTTAGATTTCAGGAC 
TGCAAATCAGAGCAATCTGTTATCTCAGAGA 


5393 


Hordeum vulgare 

ArgSTerm 

AGA-TGA 


TCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAAC 
ATATCTGTCCTCTCATTCCATCATTATCTCCACCAGGCGAACAGTT 
AGCAGCTAAGAGTGGTAGATCAATTCTTC 


5394 




TGATGGAAIGAGAGGAC 


5395 




GTCCTCTCATTCCATCA 


5396 


Lead Tolerance 
calmodulin bindina 
transport protein 


GAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAG 

ATAATGATGGAAAGATAGGACAGATATGTTAGATTTCAGGACTGCA 

AATCAGAGCAATCTGTTATCTCAGAGAACG 


5397 


Hordeum vulgare 

Glu4Term 

GAG-TAG 


CGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCT 
AACATATCTGTCCTATCTTTCCATCATTATCTCCACCAGGCGAACA 
GTTAGCAGCTAAGAGTGGTAGATCAATTC 


5398 




TGGAAAGAIAGGACAGA 


5399 




TCTGTCCTATCTTTCCA 


5400 


Lead Tolerance 
n«3linodulin bindina 
transport protein 


ATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATG 
ATGGAAAGAGAGGACTGATATGTTAGATTTCAGGACTGCAAATCA 
GAGCAATCTGTTATCTCAGAGAACGCAGTTT 


5401 


Hordeum vulgare 

ArgSTerm 

AGA-TGA 


AAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTG 

AAATCTAACATATCAGTCCTCTCTTTCCATCATTATCTCCACCAGG 

CGAACAGTTAGCAGCTAAGAGTGGTAGAT 


5402 




GAGAGGACTGATATGTT 


5403 




AACATATCAGTCCTCTC 


5404 


Lead Tolerance 
calmodulin bindina 
transport protein 


CCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATGATGGA 
AAGAGAGGACAGATAGGTTAGATTTCAGGACTGCAAATCAGAGCA 
ATCTGTTATCTCAGAGAACGCAGTTTCACCA 


5405 


Hordeum vulgare 

Tyr7Term 

TAT-TAG 


TGGTGAAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAG 
TCCTGAAATCTAACCTATCTGTCCTCTCTTTCCATCATTATCTCCAC 
CAGGCGAACAGTTAGCAGCTAAGAGTGG 


5406 




GACAGATAGGTTAGATT 


5407 




AATCTAACCTATCTGTC 


5408 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


ATCCTTCTCTGAGAAAAAACAACAGAICCGAAI 1 1 1 AlCI 1 lAAICA 
GCCGGAAAAAATGTAGAAAGCGATCGAGAGACAACGCGTTCTTCT 
TGAGCATCTCCGACCTTCTTCTTCTTCTT 


5409 


Arabldopsis thaliana 

Glu2Term 

GAG-TAG 


AAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGTTGTC 
TCTCGATCGCTTTCTACAI 1 1 II 1 CCGGCTGATTAAAGATAAAATTC 
_ GGATCTGTTGI II 11 1 CTCAGAGAAGGAT 


5410 
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^ SEQID 


MO; 


Alteration 








AAAAAATGIAGAAAGCG 


5411 




CGCI 1 ICIACAI 1 1 1 1 1 


5412 


2,4-DB resistance 

0-Keioacyi-LrOA 

thiolase 


CTTCTCTGAGAAAAAAUAACAGATUUGAAI II 1 A! Oil lAAIUAUU 
AGCATCTCCGACCTTCTTCTTCTTCTTCGC 


5413 


Arabidopsis thaliana 
AAA-TAA 


GCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGT 
TfiTrTrTrftATnRmTAnTCCA l l l l l l ccggctgattaaagataa 
AATTCGGATCTGTTGI 1 1 1 1 ICTCAGAGAAG 


5414 




aaatggagiaagcgatc 


5415 




GATCGCTTACTCCATTT 


5416 


2,4-DB resistance 

o-Ketoacyi-ooA 

thiolase 


GAAAAAACAACAGATCCGAATTTTAICI 1 lAAICAGCCGGAAAAAA 
GACCTTCTTCTTCTTCTTCGCACAATTACG 


5417 


Arabidopsis thaliana 

OIUU i 131 1 1 1 

GAG-TAG 


CGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAA 
AAAGATAAAATTCGGATCTGTTGI 1 1 1 1 IC 


5418 




AAGCGATCIAGAGACAA 


5419 




TTGTCTCTAGATCGCTT 


5420 


2,4-DB resistance 

o-Keioacyi-LrOA 

thiolase 


AAAACAACAGATCCGAATTTTATCTTTAATCAGCCGGAAAAAATGG 

Ar2AAAr^P<^ATP^^A(^T(t!APA APr5Pr5TTPTTPTTr3Ar5PATr'Tr'r'f5Ar' 
AoAAAoOoA 1 L>oAO 1 0AUAAL>v3L«0 1 \\j I 1 \_> 1 1 OAOV-»A 1 \j 1 Kj\j\jr\\j 

CTTCTTCTTCTTCTTCGCACAATTACGAGG 


5421 


Arabidopsis thaliana 

ArnTTprm 

/Vl ^ f 1 CI 1 1 1 

AGA-TGA 


CCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCA/^ 
fiAAnAAnRnGTTGTnAnTnGATCGCTTTCTCCAl 1 1 1 1 ICCGGCT 
GATTAAAGATAAAATTCGGATCTGTTGTTTT 


. 5422 




CGATCGAGIGACAACGC 


5423 




GCGTTGTCACTCGATCG 


5424 


2,4-DB resistance 

'^-kptoanvi-CoA 

thiolase 


ACAACAGATCCGAATTTTATCTTTAATCAGCCGGAAAAAATGGAGA 
AAGCGATCGAGAGATAACGCGTTCTTCTTGAGCATCTCCGACCTT 
CTTCTTCTrCTTCGCACAATTACGAGGCTT 


5425 


Arabidopsis thaliana 

GInSTerm 

CAA-TAA 


AAGCCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCl 
CAAGAAGAACGCGTTATCTCTCGATCGCI 1 ICICCAI 1 1 1 1 ICCGG 
CTGATTAAAGATAAAATTCGGATCTGTTGT 


■ 5426 




TCGAGAGAIAACGCGTT 


5427 




AACGCGTTATCTCTCGA 


5428 
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Plant STar^^ted 

Alteration 


Altering O!lg0$ ' = ' ^ ^ 


SEQID 

MO: 


2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-tliiolase 


GAGAGACAAAGAGTTCTTCTTGMCATCTCCGTCCTTCTTCTTCTT 

CCTCTCACAGCTTTIAAGGCTCTCTCTCTGCTTCAGCTTGCTTGGC 

TGGGGACAGTGCTGCGTATCAGAGGACCT 


5429 


precursor 
Brassica napus 
Glu26Term 


AGGTCCTCTGATACGCAGCACTGTCCCCAGCCAAGCAAGCTGAA 
GCAGAGAGAGAGCCTTAAAAGCTGTGAGAGGAAGAAGAAGAAGG 
ACGGAGATGTTCAAGAAGAACTCTTTGTCTCTC 


5430 


GAA-TAA 


ACAGCTTTIAAGGCTCT 


5431 




AGAGCCTTAAAAGCTGT 


5432 


2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TTGAACATCTCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGG 
CTCTCTCTCTGCTTGAGCTTGCTTGGCTGGGGACAGTGCTGCGTA 
TCAGAGGACCTCTCTCTATGGAGATGATGT 


5433 


precursor 
Brassica napus 
Ser32Term 


ACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGCACTGTCC 
CCAGCCAAGCAAGCTCAAGCAGAGAGAGAGCCTTCAAAGCTGTG 
AGAGGAAGAAGAAGAAGGACGGAGATGTTCAA 


5434 


TCA-TGA 


CTCTGCTTGAGCTTGCT 


5435 




AGCAAGCTCAAGCAGAG 


o4oD 


2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TCTCCGTCCTTCTTCTTCTTCCTCTCACAGC 1 1 1 GAAGGCTCTCTC 

TCTGCTTCAGCTTGATTGGCTGGGGACAGTGCTGCGTATCAGAG 

GACCTCTCTCTATGGAGATGATGTAGTCATT 


5437 


precursor 
Brassica napus 
Cys34Term 


AATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGC 

ACTGTCCCCAGCCAATCAAGCTGAAGCAGAGAGAGAGCCTTCAAA 

GCTGTGAGAGGAAGAAGAAGAAGGACGGAGA 


5438 


TGC-TGA 


TCAGCTTGATTGGCTGG 


5439 




A r^r^f^ a a t/^ a a ^/^to a 

CCAGCCAATCAAGCTGA 


5440 


2,4-DB resistance 
alvoxvsomal beta- 
ketoacyol-thiolase 


TCCGTCCTTCTTCTTCTTCCTCTCACAGCTTTGAAGGCTCTCTCTC 
TGCTTCAGCTTGCTAGGCTGGGGACAGTGCTGCGTATCAGAGGA 
CCTCTGTCTATGGAGATGATGTAGTCATTGT 


5441 


precursor 

Brassica napus 
Leu35Term 


ACAATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCA 
GCACTGTCCCCAGCCTAGCAAGCTGAAGCAGAGAGAGAGCCTTC 
AAAGCTGTGAGAGGAAGAAGAAGAAGGACGGA 


5442 


TTG-TAG 


AGCTTGCTAGGCTGGGG 


5443 




CCCCAGCCIAGCAAGCT 


5444 
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SEQID 
MO- 


: Pitril* Targeted 
Alferatfon 




2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TCACAGCTTTGAAGGCTCTCTCTCTGCTTCAGCTTGC7TGGCTGG 

GGACAGTGCTGCGTAGCAGAGGACCTCTCTCTATGGAGATGATGT 

AGTCATTGTTGCGGCACATAGGACTGCACTA 


5445 


precursor 
Brassica napus 
Tyr42Term 


TAGTGCAGTCCTATGTGCCGCAACAATGACTACATCATCTCCATA 

GAGAGAGGTCCTCTGCTACGCAGCACTGTCCCCAGCCAAGCAAG 

CTGAAGCAGAGAGAGAGCCTTCAAAGCTGTGA 


5446 


TAT-TAG 


GCTGCGTAGCAGAGGAC 


5447 




GTCCTCTGCTACGCAGC 


r" A ACS 

5448 


2,4-DB resistance 
3-ketoacvl"CoA 
thiolase B 


CAACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTAATTC 

TTCTTCTCACAATTAGGAGTCCGCTCTTGCCGCATCAGTATGTGCT 

GCAGGGGATAGCGCCGCATATCATAGGGCT 


5449 


Mangifera indica 

Tyr25Term 

TAC-TAG 


AGCCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATGC 

GGCAAGAGCGGACTCCTAATTGTGAGAAGAAGAATTAGAAGGGC 

GGAGATGCTGGAGCAACACTTGCTGTCTGTTG 


5450 




CACAATTAGGAGTCCGC 


5451 




GCGGACTCCTAATTGTG 


5452 


2,4-DB resistance 
3-ketoacvol-CoA 
thiolase B 


AACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTTCTAATTCTT 

CTTCTCACAATTACTAGTCCGCTCTTGCCGCATCAGTATGTGCTG 

CAGGGGATAGCGCCGCATATCATAGGGCTT 


5453 


Magnifera indica 

Glu26Term 

GAG-TAG 


AAGCCCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATG 

CGGCAAGAGCGGACTAGTAATTGTGAGAAGAAGAATTAGAAGGG 

CGGAGATGCTGGAGCAACACTTGCTGTCTGTT 


5454 




ACAATTACIAGTCCGCT 


5455 




AGCGGACTAGTAATTGT 


r- A IT* 

5456 


2,4-DB resistance 
3-ketoacv\ol-CoA 
thiolase B 


TCCAGCATCTCCGCCCTTCTAATTCTTCTTCTCAC^TTACGAGTC 
CGCTCTTGCCGCATGAGTATGTGCTGCAGGGGATAGCGCCGCAT 
ATCATAGGGCTTCTGTTTATGGAGACGATGT 


5457 


Mangifera indica 

Ser32Term 

TCA-TGA 


ACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGCGCTATCC 

CCTGCAGCACATACTCATGCGGCAAGAGCGGACTCGTAATTGTGA 

GAAGAAGAATTAGAAGGGCGGAGATGCTGGA 


5458 




TGCCGCATGAGTATGTG 


5459 




CACATACTCATGCGGCA 


5460 
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Phmoiype, Gene, 




SEQID 












2,4-DB resistance 
3-ketoacvl-CoA 
thiolase B 


TCTCCGCCCTTCTAATTCTTCTTCTCACAATTACGAGTCCGCTCTT 
GCCGCATCAGTATGAGCTGCAGGGGATAGCGCCGCATATCATAG 
GGCTTCTGi 1 1 ATGGAGACGATGTGGTGATT 


5461 


Mangifera indica 

Cys34Term 

TGT-TGA 


AATCACGACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGC 
GCTATCCCCTGCAGCTCATACTGATGCGGCAAGAGCGGACTCGT 
AATTGTGAGAAGAAGAATTAGAAGGGCGGAGA 


5462 




TCAGTATGAGCTGCAGG 


5463 




CCTGCAGCICATACTGA 


5464 


2,4-DB resistance 
3-ketoacvl-CoA 
thiolase B 


TCACAATTACGAGTCCGCTCTTGCCGCATCAGTATGTGCTGCAGG 
GGATAGCGGGGCATAGCATAGGGCTTCTGI 1 1 ATGGAGACGATGT 

1 1 # X^ 1 ■ # X^# \ 1 # X^ X^ X^ i ■ Xi^ 1 Xi^ 1 1 • * » ■ \^^M *X^ Xi^* 1 1 x^ ■ 

GGTGATTGTGGCAGCTCATCGTACTGCACTT 


5465 


Mangifera indica 

Tyr42Term 

TAT-TAG 


AAGTGCAGTACGATGAGGTGCCACAATCACCACATCGTCTCCATA 
AACAGAAGCCCTATGCTATGCGGCGCTATCCCCTGCAGCACATAC 
TGATGCGGCAAGAGCGGACTCGTAATTGTGA 


5466 




GCCGCATAGCATAGGGC 


5467 




GCCCTATGCTATGCGGC 


5468 


2,4-DB resistance 

3-l<etoacvl-CoA 

thiolase 


GAAGGCGATCAACAGGCAGAGCATnTGCTACATCATCTCCGGCC 
TTCTTCTTCCGCTTAGACAAATGAATCTTCGCTCTCTGCATCGGTT 
TGTGCAGCTGGGGATAGTGCTTCGTATCAA 


5469 


Cucumis sativus 

Tyr22Term 

TAC-TAG 


TTGATACGAAGCACTATCCCCAGCTGCACAAACCGATGGAGAGAG 
CGAAGATTCATTTGTCTAAGCGGAAGAAGAAGGCCGGAGATGATG 
TAGCAAAATGCTCTGCCTGTTGATCGCCTTC 


5470 




TCCGCTTAGACAAATGA 


5471 




TCATTTGTCTAAGCGGA 


5472 


2,4-DB resistance 

'^-kptnanvl-noA 

thiolase 


A i CAACAGGCAGAGCA 1 1 1 1 GO 1 ACA 1 OA 1 C 1 CCGGCC 1 i C II C 1 1 

CCGCTTACACAAATTAATCTTCGCTCTCTGCATCGGTTTGTGCAGC 

TGGGGATAGTGCTTCGTATCAAAGGACAT 


5473 


Cucumis sativus 

Giu25Term 

GAA-TAA 


ATGTCCTTTGATACGAAGCACTATCCCCAGCTGCACAAAGCGATG 
CAGAGAGCGAAGATTAATTTGTGTAAGCGGAAGAAGAAGGCCGG 
AGATGATGTAGCAAAATGCTCTGCCTGTTGAT 


5474 




ACACAAATIAATCTTCG 


5475 




CGAAGATTAATTTGTGT 


5476 
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Pbanotype, Gene, 
Pl^it{& Targeted 
Alteration 


Afterirtg Ofi0O$' * 


:SEQII> 
NO; 






2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GGCAGAGCAI 1 1 IGCTACATCATCTCCGGCCTTCTTCTTCCGCTTA 

CACAAATGAATCTTAGCTCTCTGCATCGGTTTGTGCAGCTGGGGA 

TAGTGCTTCGTATCAAAGGACATCGGTGTT 


5477 


Cucumis sativus 

Ser27Term 

TCG-TAG 


AACACCGATGTCCTTTGATACGAAGCACTATCCCCAGCTGCACAA 
ACCGATGCAGAGAGCTAAGATTCATTTGTGTAAGCGGAAGAAGAA 
GGCCGGAGATGATGTAGCAAAATGCTCTGCC 


5478 




TGAATCTTAGCTCTCTG 


5479 




CAGAGAGCTAAGATTCA 


o4oU 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


TGCTACATCATCTCCGGCCTTCTTCTTCCGCTTACACAAATGAATC 
TTCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCTTCGTA 
TCAAAGGACATCGGTGTTTGGAGATGATGT 


5481 


Cucumis sativus 

Ser31Term 

TCG-TAG 


ACATCATCTCCAAACACCGATGTCCTTTGATACGAAGCACTATCCG 
CAGCTGCACAAACCTATGCAGAGAGCGAAGATTCAl 1 IGTGTAAG 
CGGAAGAAGAAGGCCGGAGATGATGTAGCA 


5482 




CTCTGCATAGGTTTGTG 


5483 




CACAAACGTATGCAbAb 


o4o4 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


TCATCTCCGGCCTTCTTCTTCCGCTTACACAAATGAATCTTCGCTC 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCTTCGTATCAAAGG 

ACATCGGTGTTTGGAGATGATGTCGTGATT 


5485 


Cucumis sativus 

Cys33Term 

TGT-TGA 


AATCACGACATCATCTCCAAACACCGATGTCCTTTGATACGAAGCA 

CTATCCCCAGCTGCTCAAACCGATGCAGAGAGCGAAGATTCATTT 

GTGTAAGCGGAAGAAGAAGGCCGGAGATGA 


5486 




TGGGTTTGAGCAGCTGG 


5487 




CCAGCTGCTCAAACCGA 


o4oo 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GAAGGCAATCAACAGGCAGAGCATTCTGCTACATCATCTCCGGCC 
TTCATCTTCGGCTTAGAGCCATGAATCTTCGCTCTCTGCATCGGTT 
TGTGCAGCTGGGGATAGTGCGTCGTATCAA 


r* A nr\ 

5489 


Cucurbita sp. 

Tyr22Term 

TAT-TAG 


TTGATACGAGGCACTATCCCCAGCTGCACAAACCGATGCAGAGAG 

CGAAGATTCATGGCTCTAAGCCGAAGATGAAGGCCGGAGATGAT 

GTAGCAGAATGCTCTGCCTGTTGATTGCCTTC 


5490 




TCGGCTTAGAGGCATGA 


5491 




TCATGGCTCTAAGCCGA 


5492 
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Ptienotype, Oene 
Pl^rtt& Targeted 
Alteration 












SEQiD 




1 ; 






Altering Oflt|d$ 




2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucurbita sp. 

Glu25Term 

GAA-TAA 


AT( 
CG 
CT( 


:aacaggcagagcattctgctacatcatctccggccttcatctt 

gcttatagccattaatcttcgctctctgcatcggtttgtgcag 

3gggatagtgcgtcgtatcaaagaacgt 


5493 


AC( 

CA( 
AG 


3TTCTTTGATACGACGCACTATCCCCAGCTGCACAAACCGATG 
3AGAGCGAAGATTAATGGCTATAAGCCGAAGATGAAGGCCGG 
/\TGATGTAGCAGAATGCTCTGCCTGTTGAT 


5494 


AV 


\GCCATIAATCTTCG 


5495 




AAGATTAATGGCTAT 




2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucurbita sp, 

Ser27Term 

TCG-TAG 


GG 
AT> 
ATy 


CAGAGCATTCTGCTACATCATCTCCGGCCTTCATCTTCGGCTT 
\GCCATGAATCTTAGCTCTCTGCATCGGTTTGTGCAGCTGGGG 
\GTGCGTCGTATCAAAGAACGTCGGTGTT 


5497 


AA( 
AC 
GG 


:accgacgttctttgatacgacgcactatccccagctgcacaa 
cgatgcagagagctaagattcatggctataagccgaagatgaa 
ccggagatgatgtagcagaatgctctgcc 


5498 


TG 


/^atcttagctctctg 


5499 


L.A 


gagagciaagattca 


OOUU 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucurbita sp. 

SerSITerm 

TCG-TAG 


TG 
TT( 

TCi 


ctacatcatctccggccttcatcttcggcttatagccatgaatc 
:gctctctgcataggtttgtgcagctggggatagtgcgtcgta 
^aagaacgtcggtgtttggagatgatgt 


5501 


AC 
CA 
CC 


MCAICICCAAACACCGACGI ICI I IGAIACGACGCACIATCCC 
GCTGCACAAACCTATGCAGAGAGCGAAGATTCATGGCTATAAG 
GAAGATGAAGGCCGGAGATGATGTAGCA 


5502 


CT< 


CTGCATAGGT 


HGTG 




5503 


LrA 


CAAACCTATGCAGAG 


00U4 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucurbita sp. 

Cys33Term 

TGT-TGA 


TCi 
TC 
AC 


^TCTCCGGCCTTCATCTTCGGCTTATAGCCATGAATCTTCGCTC 
rGCATCGGTTTGAGCAGCTGGGGATAGTGCGTCGTATCAAAGA 
GTCGGTGTTTGGAGATGATGTCGTGATA 


5505 


TA 
CT 
CT 


rCACGACATCATCTCCAAACACCGACGTTCTTTGATACGACGCA 
^TCCCCAGCTGCTCAAACCGATGCAGAGAGCGAAGATTCATGG 
^TAAGCCGAAGATGAAGGCCGGAGATGA 


5506 


TC 


GGI 1 IGAGCAGCIGG 


5507 


CC 


AGCTGCTCAAACCGA 


5508 


2,4 DB resistance 
Pex14 

Arabidopsis thaliam 

GInSTerm 

CAG-TAG 


Tc; 

CT 
3 CT 


M AG 1 C 1 CTTTTGCCGC 1 1 GGATTCTTCCAAGGTTAGTGAGCTG 
^TGGCAACTCATTAGCAAACGCAACCTCCTTCCGAI 1 1 ICCCG 
CTTGCCGATGAAAATTCCCAGATTCCAG 


5509 


CT 
GA 
GG 


GGAATCTGGGAATTTTCATCGGCAAGAGCGGGAAAATCGGAAG 

GGTTGCGTTTGCTAATGAGTTGCCATAGCAGCTCACTAACCTT 

iAAGAATCCAAGCGGCAAAAGAGACTATGA 


5510 
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Pfeenoiype, &m% 

Alteration 




NO; 


' AfferihgOngos 










CAACTCATTAGCAAACG 


5511 




CGTTTGCTAATGAGTTG 


5512 


2,4 DB resistance 
Arabidopsis thaliana 


TAGTCTC 1 II 1 GCCGCTTGGATTCTTCCAAGGTTAGTGAGCTGCTA 
TTGCCGATGAAAATTCCCAGATTCCAGGTT 


5513 


GlnSTerm 
CAA-TAA 


AACCTGGAATCTGGGAATTTTCATCGGCAAGAGCGGGAAAATCGG 
AAGGAGGTTGCGTTTACTGATGAGTTGCCATAGCAGCTCACTAAC 
CTTGGAAGAATCCAAGCGGCAAAAGAGACTA 


5514 




CTCATCAGTAAACGCAA 


5515 




1 IGCGI 1 lACIGAIGAG 


5516 


2,4 DB resistance 

Pay 14 

Arabidopsis thaliana 


C 1 1 1 1 GCCGCTTGGATTCTTCCAAGGTTAGTGAGCTGCTATGGCA 
ArTrATrA(^nAAAr(^TAArrTrrTTnnfiATTTTrrrr^rTnTTfinn 

r\\j 1 w/ \ 1 w/\VJ w/v/u\v./W 1 rVAw w 1 w w I i w wVJ/V 1 1 i i wV_3 w 1 w 1 1 VJw w 

GATGAAAATTCCCAGATTCCAGGTTCAAI 1 1 


5517 


GInSTerm 
CAA-TAA 


AAATTGAACCTGGAATCTGGGAATTTTCATCGGCAAGAGCGGGAA 
AATCGGAAGGAGGTTACG 1 1 1 GCTGATGAGTTGCCATAGCAGCTC 
ACTAACCTTGGAAGAATCCAAGCGGCAAAAG 


5518 




AGCAAACGTAACCTCCT 


5519 




AGGAGGTTACGTTTGCT 


5520 


2,4 DB resistance 

I CA 1 1 

Arabidopsis ttialiana 


^^^^^ ^^^F^ A ^^^^^^ A A ^^^"^^ A A AAA ^^^^^^ A A ^^^^^^ ^^^^w^^ ■ ■■■■■•a^fMbi^ 

GCTGCTATGGCAACTCATCAGCAAACGCAACCTCCTTCCGAI 1 1 1 
nnnnnTrTTRnnfiATTAAAATrnnCARATTCnAGRTTCAATTTACA 
CCTTCTAATCATTATTTCTTAAI 1 1 1 1 CTT 


5521 


Glu19Term 
GAA-TAA 


AAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATTGAACCTGG 
AATCTGGGAAI 1 1 1 AATCGGCAAGAGCGGGAAAATCGGAAGGAG 
GTTGCGTTTGCTGATGAGTTGCCATAGCAGC 


5522 




TTGCCGATIAAAATTCC 


5523 




GGAAI 1 1 lAAICGGCAA 


5524 


2,4 DB resistance 
Pex14 

Arabidopsis tlialiana 


UUAAU 1 (JA 1 UAUUAAAUGUAAUU 1 UU 1 1 UUUA 1 1 1 1 UUUUU 1 U 1 1 
GCCGATGAAAATrCCTAGATTCCAGGTTCAATTTACACCTTCTAAT 
CATTATTTCTTAAI 1 1 1 1 CTTTGGTGGATT 


5525 


Gln22Term 
CAG-TAG 


AATCCACCAAAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATT 
GAACCTGGAATCTAGGAAI 1 1 1 CATCGGCAAGAGCGGGAAAATCG 
GAAGGAGGTTGCGTTTGCTGATGAGTTGC 


5526 




AAAATTCCTAGATTCCA 


5527 




1 GGAAI CI AGGAAI 1 1 1 


5528 
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Example 8 

Production of albino mutants for the analysis of photosynthetic processes 

Plant productivity is limited by resources available and the ability of plants to harness these 
resources. The conversion of light to chemical energy, which is then used to synthesize carbohydrates, fatty 
acids, sugars, amino acids and other compounds, requires a complex system which combines the light 
harvesting apparatus of pigments and proteins. The value of light energy to the plant can only be realized 
when it is efficiently converted into chemical energy by photosynthesis and fed into various biochemical 
processes. Significant effort has therefore been directed at studying photosynthetic processes in plants in 
order to improve productivity and/or the efficiency of photosynthesis. The analysis of the photosynthetic 
process is substantially aided by the ability to produce albino plants. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table 18 

Oligonucleotides to produce albino plants 



Plant & Targetea 








Altering Oligos 










Alteration. 




















White leaves 
Immutans 

Arabidopsis thaliana 

SerSTerm 

TCA-TGA 


TTCTTTCCTGTGAAATTATCTGCTCAAATCTTTGGTTCCTGACGGAG 
ATGGCGGCGATTTGAGGCATCTCCTCTGGTACGTTGACGATrrCA 
UbbOL 1 1 1 bb 1 1 1 U M UbAObU 1 U 1 Ab 


5529 


CTAGAGCGTCGAAGAGTAACCAAAGGCCGTGAAATCGTCAACGTA 
CCAGAGGAGATGCCTCAAATCGCCGCCATCTCCGTCAGGAACCAA 
AGATTTGAGCAGATAATTTCACAGGAAAGAA 


5530 


GGCGAI 1 IGAGGCAICI 


5531 


AGATGCCTCAAATCGCC 


5532 


White leaves 
Immutans 

Arabidopsis thaliana 

Leu12Term 

TTG-TAG 


GCTCAAATCTTTGGTTCCTGACGGAGATGGCGGCGATTTCAGGCA 
TCTCCTCTGGTACGTAGACGAI 1 1 CACGGCCTTTGGTTACTCTTCG 
ACGCTCTAGAGCCGCCGI 1 ICGTACAGCTC 


5533 


GAGCTGTACGAAACGGCGGCTCTAGAGCGTCGAAGAGTAACCAAA 
GGCCGTGAAATCGTCTACGTACCAGAGGAGATGCCTGAAATCGCC 
GCCATCTCCGTCAGGAACGAAAGAI 1 IGAGC 


5534 


TGGTACGTAGACGATTT 


5535 


AAATCGTCIACGTACCA 


5536 


White leaves 
Immutans 

Arabidopsis thaliana 

Ser15Term 

TCA-TGA 


TnGGTTCCTGACGGAGATGGCGGCGATTTCAGGCATCTCCTCTG 
GTACGTTGACGATTTGACGGCCTTTGGTTACTCTTCGACGCTCTAG 

AGCCGCCGI 1 ICGTACAGCTCCTCTCACCG 


5537 


CGGTGAGAGGAGCTGTACGAAACGGCGGCTCTAGAGCGTCGAAG 
AGTAAGCAAAGGCCGTCAAATCGTCAACGTACCAGAGGAGATGCC 
TGAAATCGCCGCCATCTCCGTCAGGAACCAAA 


5538 


GACGAl 


rTTGACGGCCTT 










5539 


AAGGCCGTCAAATGGTC 


5540 


White leaves 
Immutans 

Arabidopsis thaliana 

Arg22Term 

CGA-TGA 


GCGGCGATTTCAGGC-ATCTCCTCTGGTACGTTGACGATTTCACGG 
CCTTTGGTTACTCTrTGACGCTCTAGAGCCGCCGTTTCGTACAGCT 
CCTCTCACCGATTGCTTCATCATCTTCCTC 


5541 


GAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTGTACGAAACG 

GCGGCTCTAGAGCGTCAAAGAGTAACCAAAGGCCGTGAAATCGTC 

AACGTACCAGAGGAGATGCCTGAAATCGCCGC 


5542 


TTACTCTTIGACGCTCT 


5543 


AGAGCGTCAAAGAGTAA 


5544 
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White leaves 
irnrnuians 

Arabidopsis thaliana 

Arg25Term 

AGA-TGA 


TCAGGCATCTCCTCTGGTACGI IGACGAI I ICACGGCCI 1 IGGI lA 
GATTGCTTCATCATCTTCCTCTCTCTTCTC 


6545 


GAGAAGAGAGAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTG 
T A pr^ A A A pfj riPfifiPTp A A A pr^iTpri A A A riT A A pp A A A rirsppri 

TGAAATCGTCAACGTACCAGAGGAGATGCCTGA 


5546 


GACGCTCTIGAGCCGCC 


5547 


GGCGGCTCAAGAGCGTC 


5548 


White leaves 

Irnmi if sine 

Lycopersicon 
esculentum 
Gly11Term 
GGA-TGA 


GATTCTTGTGGGAAGGAAGAAGGATCAAGAATGGCGATTTCGATTT 

PTftirTATnARTTTTTnAArPTPAn 1 1 ITM IPATAI IPI If^l 1 1 1 AHA 

GCTAGGAGl 1 1 TGAGAAG 1 CM CAG 1 1 1 


5549 


AAACTGATGACTTCTCAAAACTCCTAGCTCTAAAACAAGAATATGAA 
RAAArTRAnnTTrAAAAArTPATAnrAGAAATrRAAATrRnnATTr 

TTGATCCTTCTTCCTTCCCACAAGAATC 


5550 


TGAGTTTTIGAACCTCA 


5551 


TGAGGTTCAAAAACTCA 


5552 


White leaves 

II 1 11 1 lULCll lO 

Lycopersicon 
esculentum 
Ser13Term 
TCA-TGA 


GTGGGAAGGAAGAAGGATCAAGAATGGCGATTTCGATTTCTGCTA 
TGAG II 11 GGAACC 1 GAG 1 1 1 C 1 1 CA 1 A 1 1 CI 1 G 1 1 1 1 AGAGCTAGG 
AGI 1 1 IGAGAAGICAICAGI 1 1 lATGCAA 


5553 


TTGCATAAAAGTGATGACTTCTCAAAACTCCTAGCTCTAAAACAAGA 

ATATGAAGAAACTCAGGTTCCAAAACTCATAGCAGAAATCGAAATC 

GCCATTCTTGATCCTTCTTCCTTCCCAC 


5554 


TGGAACCTGAGTTTCTT 


5555 


AAGAAACTCAGGTTCCA 


5556 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Ser16Term 

TCA-TGA 


AAGAAGGATCAAGAATGGCGAI 1 lUGAI 1 iClGCIAIGAbI 1 1 IGG 
AACCTCAGTTTCTTGATATTCTTGI 1 1 1 AGAGG 1 AGGAG 1 1 1 IGAGA 
AGTCATGAGTTTTATGCAATTCCCAGAA 


5557 


TTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCGTAGCTC 
TAAAACAAGAATATCAAGAAACTGAGGTTCCAAAACTCATAGCAGA 
AATCGAAATCGCCATTCTTGATGGTTCTT 


5558 


AGTTTCTTGATATTCTT 


5559 


A APA ATATI^ A APA A APT 

AAb AA 1 A 1 C AAb AAACr 1 


OODU 


White leaves 

immuians 

Lycopersicon 

esculentum 

Tyr17Term 

TAT-TAG 


AGGAICAAGAAIGGCGAI 1 ICGAI 1 ICIGCIAIGAGI 1 1 IGGAACC 

TPAP 1 1 1 PTTPATA/^TPTT/^ 1 1 1 1 APAPPTA^^riiAP 1 1 1 1 ^^Af^AA^^TP 

I UAo 1 1 1 O 1 1 UA 1 Au \kj\ 1 o 1 1 1 1 AoAoLr 1 AooAo MM oAvjAAo 1 O 

ATCAGI 1 1 lATGCAATTCCCAGAACCCA 


5561 


TGGGTTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCCTA 
GCTCTAAAACAAGACTATGAAGAAACTGAGGTTCCAAAACTCATAG 
CAGAAATCGAAATCGCCATTCTTGATCCT 


5562 


TCTTCATAGTCTTGTrT 


5563 


AAACAAGACTATGAAGA 


5564 
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White leaves 
Immutans 

11 1 II 1 lULCtl Iw 

Lycopersicon 
esculentum 
Cys19Term 
TGT-TGA 


AAGAAIGGCGAI 1 ICGAI 1 ICIGCIAIGAGI 1 1 1 GGAACC 1 CAG IT 
TCTTCATATTCTTGATTTAGAGCTAGGAGI 1 1 1 GAGAAGTCATCAGT 
1 1 lATGCAATTCCCAGAACCCATGTCGG 


5565 


CCGACATGGGTTCTGGGAATTGCATAAAACTGATGACTTCTCAAAA 
CTCCTAGCTCTAAATCAAGAATATGAAGAAACTGAGGTTCCAAAAC 
TCATAGCAGAAATCGAAATCGCCATTCTT 


5566 


TATTCTTGATTTAGAGC 


5567 


/^'I'^^t" AAA ■■■^N A A ^\ A A "T" A 

GCTCTAAATCAAGAATA 


OODO 


White leaves 
Immutans 

II 1 II 1 Ivl kwll Iv 

Capsicum annuum 

Ser13Term 

TCA-TGA 


CGCGTCCGATAAAAAAATCAAGAATGGCGATTTCCATATCTGCTAT 
GAGI 1 1 ICGAACI IGAGI MCI ICTiCATATTCAGCAl 1 1 1 IGTGCA 
ATTCCAAGAACCCAI HIGH IGAATTC 


5569 


GAATTCAAACAAAATGGGTTCTTGGAATTGCACAAAAATGCTGAAT 
ATGAAGAAGAAACTCAAGTTCGAAAACTCATAGCAGATATGGAAAT 
CGCCATTCTTGAI M H 1 lATCGGACGCG 


5570 


IGGAACI IGAGI 1 ICI 1 


5571 


A A AAA ^^"1^ A A ^^^^^^ A 

AAGAAACTCAAGTTCGA 


5572 


White leaves 
Immutans 

1 1 1 II 1 1 U IXA' I^J 

Capsicum annuum 

Ser17Term 

TCA-TGA 


AAAAATCAAGAATGGCGATTTCCA 1 A 1 U 1 GU 1 A 1 UAU ill! UUAAU 1 
TCAGTTTCTTCTTGATATTCAGCAI 1 1 1 1 GTGCAATTCCAAGAACCC 
Al 1 IIGI 1 IGAAI ICICIAI 1 1 ICAGT 


5573 


AGTGAAAATAGAGAATTCAAACAAAATGGGTTCTTGGAATTGCACA 
AAAATGCTGAATATCAAGAAGAAACTGAAGTTCGAAAACTCATAGC 
AGATATGGAAATCGCCATTCTTGAI 1 1 1 1 


5574 


TTCTTCTTGATATTCAG 


5575 


CTGAATATCAAGAAGAA 


5o7o 


White leaves 
Immutans 

II 1 II 1 lUkvtl Iw 

Capsicum annuum 

Ser19Term 

TCA-TGA 


CAAGAATGGCGAITTUUATATUHiUIAIUAUl 1 1 lUUAAUl IUAGI 
TTCTTCTTCATATTGAGCAI 1 1 1 IGTGCAATTCCAAGAACCCAI 1 1 1 
GTTTGAATTCTCTAI 1 1 ICACTTAGGAA 


5577 


TTCCTAAGTGAAAATAGAGAATTCAAACAAAATGGGTTCTTGGAATT 
GCACAAAAATGCTCAATATGAAGAAGAAACTGAAGTTCGAAAACTC 
ATAGCAGATATGGAAATCGCCATTCTTG 


5578 


MCAIAI IGAGCAI II 1 


5579 


AAA AT'^^^^'^^^A A I" A f A A 

AAAATGCTCAATATGAA 


5580 


White leaves 
Immutans 

11 1 II 1 lU LCil Iw 

Capsicum annuum 

Leu21Term 

TTG-TAG 


CGAI 1 ICCATATCTGCTATGAGI 1 1 1 GGAACTTCAGTTTCTTCTTCA 
TATTCAGCATT'1 1 AGTGCAATTCCAAGAACCCATTTTGTTTGAATTC 
TCTAI 1 1 1 CACTTAGGAATTCTCATAG 


5581 


CTATGAGAATTCCTAAGTGAAAATAGAGAATTCAAACAAAATGGGTT 

CTTGGAATTGCACTAAAATGCTGAATATGAAGAAGAAACTGAAGTT 

CGAAAACTCATAGCAGATATGGAAATCG 


5582 


AGCAI 1 1 lAGIGCAAl 1 


5583 


AATTGCACTAAAATGCT 


5584 
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White leaves 
Irmnutans 
Capsicum annuum 
Cys22Term 
TGC-TGA 


1 ICCAIAICIGCIAIGAGI 1 1 ICGAACI lUAUl 1 lUI lUI lUAIAI f 
CAGCAI 1 1 1 IGIGAAAI ICCAAGAACCCAI 1 1 1 GTTTGAATTCTCTA 

1 1 1 1 CACmGGAATTCTCATAGAACT 


5585 


AGTTCTATGAGAATTCCTAAGTGAAAATAGAGAATTCAAACAAAATG 

GGTTCTTGGAATTTCACAAAAATGCTGAATATGAAGAAGAAACTGA 

AGTTCGAAAACTCATAGCAGATATGGAA 


5586 


Mil IGIGAAAI ICUAA 


5587 


A A 1 1 ' 1 A ^\ A A A A A 

TTGGAATTTCACAAAAA 


CCQQ 

oooo 


White leaves 
Iminutans 
Oryza sativa 
Glu22Term 
GAG-TAG 


TTCGGCACGAGGGAGAAGGAGCAGACCGAGGTGGCCGTCGAGG 

AGTCCTTCCCCTTCAGGTAGACGGCTCCTCCTGACGAGCCACTGG 

TCACCGCCGAGGAGAGCTGGGTGGTTAAGCTCG 


5589 


CGAGCTTAACCACCCAGCTCTCCTCGGCGGTGACCAGTGGCTCG 
TCAGGAGGAGCCGTCTACCTGAAGGGGAAGGACTCCTCGACGGC 
CACCTCGGTCTGCTCCTTCTCCCTCGTGCCGAA 


5590 


CCTTCAGGIAGACGGCT 


5591 


AGCCGTCTACCTGAAGG 


5592 


White leaves 
Immutans 
Oryza sativa 
Glu28Term 
CAG-TAG 


GAGCAGACCGAGGTGGCCGTCGAGGAGTCCTTCCCCTTCAGGGA 
GACGGCTCCTCCTGACTAGCCACTGGTCACCGCCGAGGAGAGCT 
GGGTGGTTAAGCTCGAGCAGTCCGTGAACATTT 


5593 


AAATGTTCACGGACTGCTCGAGCTTAACCACCCAGCTCTCCTCGG 
CGGTGACCAGTGGCTAGTCAGGAGGAGCCGTCTCCCTGAAGGGG 
AAGGACTCCTCGACGGCCACCTCGGTCTGCTC 


5594 


CTCCTGACIAGCCACTG 


5595 


CAGTGGCTAGTCAGGAG 


ooyb 


White leaves 
Immutans 
Oryza sativa 
Glu34Term 
GAG-TAG 


GTCGAGGAGTCCTTCCCCTTCAGGGAGACGGCTCCTCCTGACGA 
GCCACTGGTCACCGCCTAGGAGAGCTGGGTGGTTAAGCTCGAGC 
AGTCCGTGAACAI 1 1 1 CCTCACGGAGTCAGTCA 


5597 


TGACTGACTCCGTGAGGAAAATGTTCACGGACTGCTCGAGCTTAA 
CCACCCAGCTCTCCTAGGCGGTGACCAGTGGCTCGTCAGGAGGA 
GCCGTCTCCCTGAAGGGGAAGGACTCCTCGAC 


5598 


TCACCGCCTAGGAGAGC 


5599 


GCTCTCCTAGGCGGTGA 


5600 


White leaves 
Immutans 
Oryza sativa 
Glu35Term 
GAG-TAG 


GAGGAGTCCTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCC 
ACTGGTCACCGCCGAGTAGAGCTGGGTGGTTAAGCTCGAGCAGT 
CCGTGAACAI 1 1 1 CCTCACGGAGTCAGTCATCA 


5601 


TGATGACTGACTCCGTGAGGAAAATGTTCACGGACTGCTCGAGCT 
TAACCACCCAGCTCTACTCGGCGGTGACCAGTGGCTCGTCAGGA 
GGAGCCGTCTCCCTGAAGGGGAAGGACTCCTC 


5602 


CCGCCGAGIAGAGCTGG 


5603 


CCAGCTCTACTCGGCGG 


5604 
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White leaves 
Immutans 
Oryza sativa 
Trp37Term 
TGG-TGA 


CTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCCACTGGTCAC 
CGCCGAGGAGAGCTGAGTGGTTAAGCTCGAGCAGTCCGTGAACA 
1 1 1 ICCTCACGGAGTCAGTCATCACGATACTT 


5605 


AAGTATCGTGATGACTGACTCCGTGAGGAAAATGTTCACGGACTG 

CTGGAGCTTAACCACTCAGCTCTGCTCGGCGGTGACCAGTGGCTC 

GTCAGGAGGAGCCGTCTCCCTGAAGGGGAAG 


5606 


GAGAGCTGAGTGGTTAA 


5607 


TTAACCACICAGCTCTC 


5608 


White leaves 
Immutans 
Triticum aestivum 
Trp22Term 
TGG-TGA 


TCCGGAGGAGGAAGGGGGATTCGACGAGGAGCTCACCCTCGCCG 

GCGAGGACGGCGACTGAGTCGTCAGATTCGAGCAGTCCTTCAAC 

GTATTCCTGACGGATACTGTCATCTTTATACTC 


5609 


GAGTATAAAGATGACAGTATCCGTGAGGAATACGTTGAAGGACTG 
CTCGAATCTGACGACTCAGTCGCCGTCCTCGCCGGCGAGGGTGA 
GCTCCTCGTCGAATCCCCCTTCCTCCTCCGGA 


5610 


GGCGACTGAGTCGTCAG 


5611 


CTGACGACICAGTCGCC 


5612 


White leaves 
Immutans 
Triticum aestivum 
Arg25Term 
AGA-TGA 


GAGGAAGGGGGATTCGACGAGGAGCTCACCCTCGCCGGCGAGG 
ACGGCGACTGGGTCGTCTGATTCGAGCAGTCCTTCAACGTATTCC 
TCACGGATACTGTCATCTTTATACTCGATATTC 


5613 


GAATATCGAGTATAAAGATGACAGTATCCGTGAGGAATACGTTGAA 
GGACTGCTCGAATCAGACGACCCAGTCGCCGTCCTCGCCGGCGA 
GGGTGAGCTCCTCGTCGAATCCCCCTTCCTC 


5614 


GGGTCGTCIGATTCGAG 


5615 


CTCGAATCAGACGACGC 


5616 


White leaves 
Immutans 
Triticum aestivum 
Glu27Term 
GAG-TAG 


GGGGGATTGGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCG 

ACTGGGTCGTCAGATTCTAGCAGTCCTTCAACGTATTCCTCACGGA 

TACTGTCATCTTTATACTCGATATTCTGTATC 


5617 


GATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGAATAC 
GTTGAAGGACTGCTAGAATCTGACGACCCAGTCGCGGTCCTCGCC 
GGCGAGGGTGAGCTCCTCGTCGAATCCCCC 


5618 


TCAGATTCIAGCAGTCC 


5619 


GGACTGCTAGAATCTGA 


5620 


White leaves 

ll 1 U 1 lULCll lo 

Triticum aestivum 

Gln28Term 

CAG-TAG 


GGATTCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCGACTG 

Vjvjj 1 vyvj 1 w/\\_J/ \ 1 1 wVJ/\Vj 1 / \v-J 1 WW 1 1 w/w\ w\_J I / \ 1 1 w w 1 w/Vw\JVJ/ \ 1 / \0 1 

GTCATCI 1 lATACTCGATATTCTGTATCGTG 


5621 


CACGATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGAA 
TACGTTGAAGGACTACTCGAATCTGACGACCCAGTCGCCGTCCTC 
GCCGGCGAGGGTGAGCTCCTCGTCGAATCC 


5622 


GATTCGAGIAGTCCTTC 


5623 


GAAGGACTACTCGAATC 


5624 
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White leaves 
lnrimijtan<? 

11 1 II 1 lUkCll lO 

Triticum aestivum 


CGAGCAGICCI ICAACGIAI ICCICACGGAIACIGICAICI 1 lAIA 
CTCGATATTCTGTA6CGTGACCGCGACTACGCAAGGTTCTTCGTG 
CTCGAGACCATCGCCAGGGTGCCCTA IMC 


5625 


Tyr46Term 
TAT-TAG 


GAAATAGGGCACCCTGGCGATGGTCTCGAGCACGAAGAACCTTG 
CGTAGTCGCGGTCACGCTACAGAATATCGAGTATAAAGATGACAG 
TATCCGTGAGGAATACGTTGAAGGACTGCTCG 


5626 




ATTCTGTAGCGTGACCG 


5627 




GGGTCACGCTACAGAAT 


5628 
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Example 9 
Altering amino acid content of plants 

Another aim of biotechnology is to generate plants, especially crop plants, with added value 
traits. An example of such a trait is improved nutritional quality in food crops. For example, lysine, 
tryptophan and threonine, which are essential amino acids in the diet of humans and many animals, are 
limiting nutrients in most cereal crops. Consequently, grain-based diets, such as those based on corn, 
barley, wheat, rice, maize, millet, sorghum, and the like, must be supplemented with more expensive 
synthetic amino acids or amino-acid-containing oilseed protein meals. Increasing the lysine content of these 
grains or of any of the feed component crops would result in significant added value. 

Naturally occurring mutants of plants that have different levels of particular essential amino 
acids have been identified. However, these mutants are generally not the result of increased free amino 
acid, but are instead the result of shifts in the overall protein profile of the grain. For example, in maize, 
reduced levels of lysine-deficient endosperm proteins (prolamines) are complemented by elevated levels of 
more lysine-rich proteins (albumins, globulins and glutellns). While nutritionally superior, these mutants are 
associated with reduced yields and poor grain quality, limiting their agronomic usefulness. 

An alternative approach Is to generate plants with mutations that render key amino acid 
biosynthetic enzymes insensitive to feedback inhibition. Many such mutations are known and mutation 
results in increased free amino acid. The increased production can optionally be coupled to increased 
expression of an abundant storage protein comprising the chosen amino acid. Alternatively, a normally 
abundant protein can be engineered to contain more of the target amino acid. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that remove feedback inhibition in plant amino acid biosynthetic 
enzymes. 
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Table 19 

Genome-Altering Oligos Conferring Amino Acid Overproduction 





Phenotype, Gerte, 
Pl^ntSi Targeted 


Altering Qiigo$ 


SEO iD 


5 


Afteration 










Met Overproduction 
CGS 


lAICCICCAGGAICI lAAGAI 1 ICCICCIAAI 1 1 CG 1 CCG 1 CAGU 1 
GAGCATTAAAGCCCATAGAAACTGTAGCAACATCGGTGTTGCACA 


5629 




Arabidopsis thaliana 


GATCGTGGCGGCTAAGTGGTCCAACAACCC 






Arg77His 


GGGTTGTTGGACCACTTAGCCGCCACGATCTGTGCAACACCGAT 


5630 


10 


CGT-CAT 


GTTGCTACAGTTTCTATGGGCTTTAATGCTCAGCTGACGGACGAA 
ATTAGGAGGAAATCTTAAGATCCTGGAGGATA 








TAAAGCCCATAGAAACT 


5631 






AGI 1 ICIAIGGGCI 1 lA 


5632 




Met Overproduction 

CGS 


TCTTAAGAI 1 ICCICCIAAI 1 1 CGTCCGTCAGCTGAGCATTAAAGC 
CCGTAGAAACTGTAACAACATCGGTGTTGCACAGATCGTGGCGG 


5633 




Arabidopsis thaliana 


CTAAGTGGTCCAACAACCCATCCTCCGCGTT 






Ser81Asn 


AACGCGGAGGATGGGTTGTTGGACCACTTAGCCGCCACGATCTG 


5634 


15 


AGC-AAC 


TGCAACACCGATGTTGTrACAGTTTCTACGGGCTTTAATGCTCAGC 
TGACGGACGAAATTAGGAGGAAATCTTAAGA 








AAA .^^^Y* ^^^^ A A A A J^K. A 


5635 






CGATGTTGTTACAGTTT 


5636 




Met Overproduction 
CGS 


TTTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGCCCGTAGAA 
ACTGTAGCAACATCAGTGTTGCACAGATCGTGGCGGCTAAGTGGT 


5637 




Arabidopsis thallaria 


CCAACAACCCATCCTCCGCGTTACCTTCGG 




20 


Gly84Ser 
GGT-AGT 


CCGAAGGTAACGCGGAGGATGGGTTGTTGGACCACTTAGCCGCC 
ACGATCTGTGCAACACTGATGTTGCTACAGTTTCTACGGGCTTTAA 
TGCTCAGCTGACGGACGAAATTAGGAGGAAA 


5638 






GCAACATCAGTGTTGCA 


5639 






TGCAACACTGATGTTGC 


5640 




Met Overproduction 
CGS 


TTCCTCCTAAI 1 1 CG 1 CCG ICAGCTGAGCATTAAAGCCCGTAGAAA 
CTGTAGCAACATCGATGTTGCACAGATCGTGGCGGCTAAGTGGTC 


5641 




Arabidopsis thaliana 


CAACAACCCATCCTCCGGGTTACCTTCGGC 






Gly84Asp 


GCCGAAGGTAACGCGGAGGATGGG7TGTTGGACCACTTAGCCGC 


5642 


25 


GGT-GAT 


CACGATCTGTGCAACATCGATGTTGCTACAGTTTCTACGGGCI 1 lA 
ATGCTCAGCTGACGGACGAAATTAGGAGGAA 








CAACATCGATGTTGCAC 


5643 






GTGCAACATCGATGTTG 


5644 
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Phejiolype, Bene, 












Altering Oiigos 


NO; 




Alteration 








Met Overproduction 


TATCGTCACTCATCCTCCGCTTCCCTCCCAACTTCGTCCGCCAGC 


5645 




CGS 


TCAGCACCAAGGCCCACCGCAACTGCAGCAACATCGGCGTCGCG 






Fragraria vesca 


CAGATCGTCGCGGCTTCGTGGTCCAACAAAGA 






Arg73His 


TCTTTGTTGGACCACGAAGCCGCGACGATCTGCGCGACGCCGAT 


5646 


5 


CGC-CAC 


GTTGCTGCAGTTGCGGTGGGCCTTGGTGCTGAGCTGGCGGACGA 
AGTTGGGAGGGAAGCGGAGGATGAGTGACGATA 








CAAGGCCCACCGCAACT 


5647 






AGTTGCGGTGGGCCTTG 


5648 




Met Overproduction 
CGS 


TCCTCCGCTTCCCTCCCAACTTCGTCCGCCAGCTCAGCACCAAG 
GCCCGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGC 


5649 




Fragraria vesca 


GGCTTCGTGGTCCAACAAAGACTCCGACCTTTC 






Ser77Asn 


GAAAGGTCGGAGTCTTTGTTGGACCACGAAGCCGCGACGATCTG 


5650 


10 


A /^/^ A A 

AGC-AAC 


CGCGACGCCGATGTTGTTGCAGTTGCGGCGGGCCTTGGTGCTGA 
GCTGGCGGACGAAGTTGGGAGGGAAGCGGAGGA 








CAACTGCAACAACATCG 


5651 






CGATGTTGTTGCAGTTG 


5652 




Met Overproduction 


TTCCCTCCCAACTTCGTCCGCCAGCTCAGCACCAAGGCCCGCCG 
CAACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCGGCTTCGT 


5653 




Fragraria vesca 


GGTCCAACAAAGACTCCGACC 1 1 1 CGGCGGTGC 






biyoUoer 


GCACCGCCGAAAGGTCGGAGTCTTTGTTGGACCACGAAGCCGCG 


0D04 


10 




ACGATCTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGGGCCTT 
GGTGCTGAGCTGGCGGACGAAGTTGGGAGGGAA 








GCAACATCAGCGTCGCG 


5655 






CGCGACGCIGATGTTGC 


5656 




Met Overproduction 

CGS 


TCCCTCCCAACTTCGTCCGCCAGCTCAGCACCAAGGCCCGCCGC 
AACTGCAGCAACATCGACGTCGCGCAGATCGTCGCGGCTTCGTG 


5657 




Fragraria vesca 


GTCGAACAAAGACTCCGACCTTTCGGCGGTGCC 




20 


GlySOAsp 
GGC-GAC 


GGCACCGCCGAAAGGTCGGAGTCTTTGTTGGACCACGAAGCCGC 
GACGATCTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGGGCCT 
TGGTGCTGAGCTGGCGGACGAAGTTGGGAGGGA 


5658 






CAACATCGACGTCGCGC 


5659 






GCGCGACGICGATGTTG 


5660 




Met Overproduction 

CGS 


TCTCCTCCCTCATCCTCCGCTTCCCTCCCAACTTCCAGCGCCAGC 
TAAGCACCAAGGCGAGCCGCAACTGCAGCAACATCGGCGTCGCG 


5661 




Glycine max 


CAAATCGTCGCCGCTTCGTGGTCGAACAACAG 






Arg68His 


CTGTTGTTCGACCACGAAGCGGCGACGATTTGCGCGACGCCGAT 


5662 


25 


CGC-CAC 


GTTGCTGCAGTTGCGGCTCGCCTTGGTGCTOGCTGGCGCTGGA 
AGTTGGGAGGGAAGCGGAGGATGAGGGAGGAGA 








CCAAGGCGAGCCGCAAC 


5663 
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Pl^ttli Targeted 
ALtefailoa 


AHeriftg OHgo^ 


: NO; 




■ GTTGCGGCICGCCTTGG 


5664 


Met Overproduction 

CGS 

Glycine max 


TCCTCCGCTTCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAG 

GCGCGCCGCAACTGCAACAACATCGGCGTCGCGCAAATCGTCGC 

CGCTTCGTGGTCGAACAACAGCGACAACTCTCC 


5665 


Ser72Asn 
AGC-AAC 


GGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGCGACGATTTG 
CGCGACGCCGATGTTGFGCAGTTGCGGCGCGCCTTGGTGCTTA 
GCTGGCGCTGGAAGTTGGGAGGGAAGCGGAGGA 


5666 




CAACTGCAACAACATCG 


5667 




CGATGTTGFGCAGTTG 


5668 


Met Overproduction 

CGS 

Glycine max 


TTCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAGGCGCGCCG 
CAACTGCAGCAACATCAGCGTCGCGCAAATCGTCGCCGCTTCGT 
GGTCGAACAACAGCGACAACTCTCCGGCCGCCG 


5669 


Giy75Ser 
GGC-AGC 


CGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 

GACGATTTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGCGCCT 

TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGAA 


5670 




GCAACATCAGCGTCGCG 


5671 




CGCGACGCIGATGTTGC 


5672 


Met Overproduction 
CGS 

Glycine max 


TCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAGGCGCGCCGC 
AACTGCAGCAACATCGACGTCGCGCAAATCGTCGCCGCTTCGTG 
GTCGAACAACAGCGACAACTCTCCGGCCGCCGG 


5673 


Gly75Asp 
GGC-GAC 


CCGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 

GACGATTTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGCGCCT 

TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGA 


5674 




CAACATCGACGTCGCGC 


5675 




GCGCGACGICGATGTTG 


5676 


Met Overproduction 

CGS 

Solanum tuberosum 


TGTCTTCTC 1 GA 1 1 1 1 CAGG 1 1 1 CC 1 CO 1 AA 1 1 1 CG 1 GAGGCAGCT 
.AAGCATTAAGGCTCACAGGAATTGCAGCAATATTGGCGTGGCTCA 
AGTTGTGGCGGCTTCCTGGTCTAACAACCA 


5677 


Arg70His 
AGG-CAC 


TGGTTGTTAGACCAGGAAGCCGCCACAACTTGAGCCACGCCAATA 
TTGCTGCAATTCCTGTGAGCCTTAATGCTTAGCTGCCTCACGAAAT 
TAGGAGGAAACCTGAAAATCAGAGAAGACA 


5678 




TAAGGCTCACAGGAATT 


5679 




AATTCCTGTGAGCCTTA 


5680 


Met Overproduction 

CGS 

Solanum tuberosum 


1 1 1 1 CAGG 1 1 1 CC 1 CC i AA 1 1 1 CG 1 GAGGCAGCTAAGCATTAAGGC 

TAGGAGGAATTGCAACAATATTGGCGTGGCTCAAGTTGTGGCGG 

CTTCCTGGTCTAACAACCAAGCCGGTCCTGA 


5681 


Ser74Asn 
AGC-AAC 


TCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGCCACAACTTG 
AGCCACGCCAATATTGTTGCAATTCCTCCTAGCCTTAATGCTTAGC 
_ TGCCTCACGAAATTAGGAGGAAACCTGAAAA 


5682 
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PbeRotype, Gene, 
































SEQiD 




Plant & Targeted 
Alteration 








Altering ( 








NO: 






















A A "I" 1"/^/^ A A^A A T" A 1 "I'y^ 

GAATTGCAACAATATTG 


5683 


CAATATTGTTGCAATTC 


5684 


Met Overproduction 
CGS 

Solanum tiberosum 

Gly77Ser 

GGC-AGC 


TTTCCTCCTAATTTCGTGAGGCAGCTAAGCATTAAGGCTAGGAGG 

AATTGCAGCAATATOGCGTGGCTCAAGTTGTGGCGGCTTCCTGG 

TCTAACAACCAAGCCGGTCCTGAATTCACTC 


5685 


GAGTGAATTCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGCC 

ACAACTTGAGCCACGCTAATATTGCTGCAATTCCTCCTAGCCTTAA 

TGCTTAGCTGCCTCACGAAATTAGGAGGAAA 


5686 


GCAATATTAGCGTGGCT 


5687 


AGCCACGCIAATAHGC 


5688 


Met Overproduction 
CGS 

Solanum tuberosum 

Gly77Asp 

GGC-GAC 


TTCCTCCTAATTTCGTGAGGCAGCTAAGCATTAAGGCTAGGAGGA 
ATTGCAGCAATATTGACGTGGCTCAAGTTGTGGCGGCTTCCTGGT 
CTAACAACCAAGCCGGTCCTGAATTCACTCC 


5689 


GGAGTGAATTCAGGACCGGCTTGGTTGTTAGACCAGGAAGCCGC 

CACAACTTGAGCCACGTCAATATTGCTGCAATTCCTCCTAGCCTTA 

ATGCTTAGCTGCCTCACGAAATTAGGAGGAA 


5690 


CAATATTGACGTGGCTC 


5691 


GAGCCACGICAATATTG 


5692 


Met Overproduction 
CGS 

Mesembiyanthemum 
crystallinum 
Arg73His 
CGC-CAC 


CTTCCTCTCTTATCCnCGCI 1 ICCICCCAACI 1 IGTCCGTCAGCT 
CAGCACCAAGGCTCGCCACAACTGCAGCAACATTGGTGTCGCAC 
AGGTCGTCGCTGCCTCCTGGTCCAACAACTC 


5693 


GAGTTGTTGGACCAGGAGGCAGCGACGACCTGTGCGAGACCAAT 
GTTGCTGCAGTTGTGGCGAGCCTTGGTGCTGAGCTGACGGACAA 
AGTTGGGAGGAAAGCGAAGGATAAGAGAGGAAG 


5694 


GGCTCGCCACAACTGCA 


5695 


TGCAGTTGIGGCGAGCC 


5696 


Met Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
Ser77Asn 
AGC-AAC 


1 CC 1 1 CGC 1 1 1 CCTCCCAAC 1 II G 1 CCGTCAGCTCAGCACCAAGG 
CTCGCCGCAACTGCAACAACATTGGTGTCGCACAGGTCGTCGCT 
GCCTCCTGGTCCAACAACTCCGATGCCGGCGC 


5697 


GCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGCGACGACCT 
GTGCGACACCAATGTTG1TGCAGTTGCGGCGAGCCTTGGTGCTG 
AGCTGACGGACAAAGTTGGGAGGAAAGCGAAGGA 


5698 


CAACTGCAACAACATTG 


5699 


CAATGTTGrrGCAGTTG 


5700 
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Pl^rtt^^ Targeted 














SEQ© 


AiterattoD 


















Met Overproduction 

CGS 

Mesembryanthemum 
crystallinum 
GlySOSer 
GGT-AGT 


1 1 ICCrCCCAACI 1 1 GTCCGTCAGCTCAGCACCAAGGCTCGCCGC 

AACTGCAGCAACATTAGTGTCGCACAGGTCGTCGCTGCCTCCTG 

GTCCAACAACTCCGATGCCGGCGCCACCTCTT 


5701 


AAGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGC 
GACGACCTGTGCGACACTAATGTTGCTGCAGTTGCGGCGAGCCT 
TGGTGCTGAGCTGACGGACAAAGTTGGGAGGAAA 


5702 


GCAACATTAGTGTCGCA 


5703 


TGCGACACIAATGTTGC 


5704 


Met Overproduction 
CGS 

Mesembryanthemum 
crystallinum 
GlySOAsp 
GGT-GAT 


ACTGCAGCAACATTGATGTCGCACAGGTCGTCGCTGCCTCCTGG 

TCCAACAACTCCGATGCCGGCGCCACCTCTTG 


5705 


CGACGACCTGTGCGACATCAATGTTGCTGCAGTTGCGGCGAGCC 
TTGGTGCTGAGCTGACGGACAAAGTTGGGAGGAA 


5706 


CAACATTGATGTCGCAC 


5707 


GTGCGACAICAATGTTG 


5708 


Met Overproduction 
CGS 

Zea mays 

Arg41His 

CGC-CAC 


ttagcaccaaggcacaccgcaactgcagcaacatcggcgtcgcg 
cagatcgtcgccgccgcgtggtccgactgccc 


5709 


RGRnAGTCttGAnnAnRCGGnRGnGACGATnTRCRCRAnRCnGA 

TGTTGCTGCAGTTGCGGTGTGCCTTGGTGCTAAGCTGGCGGACA 

AAGTTTGGCGGAAAGCGGAGGATGGTAGCAGAGG 


5710 


CAAGGCACACCGCAACT 


5711 


agttgcggigtgccttg 


5712 


Met Overproduction 
CGS 

Zea mays 
Ser45Asn 
AGC-AAC 


ICCICCGCI 1 ICCGCCAAACI 1 IGICCGCCAGCI lAGCACCAAGG 
CACGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGCC 
GCCGCGTGGTCCGACTGCCCCGCCGCTCGCCC 


5713 


GGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGGCGACGATC 
TGCGCGACGCCGATGTTG1TGCAGTTGCGGCGTGCCTTGGTGCT 
AAGCTGGCGGACAAAGTTTGGCGGAAAGCGGAGGA 


5714 


CAACTGCAACAACATCG 


5715 


CGATGTTGrrGCAGTTG 


5716 


Met Overproduction 
CGS 

Zea mays 
Gly48Ser 
GGC-AGC 


TTTCCGCCAAACTTTGTCCGCCAGCTTAGCACCAAGGCACGCCGC 
AACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCCGCCGCGTG 
GTCCGACTGCCCCGCCGCTCGCCCCCACTTAG 


5717 


CTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGG. 
CGACGATCTGCGCGACGCTGATGTTGCTGCAGTTGCGGCGTGCC 
TTGGTGCTAAGCTGGCGGACAAAGTTTGGCGGAAA 


5718 


GCAACATCAGCGTCGCG 


5719 
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Plant & Targeted 
Alteration 


Afterittg Olit[o$ 


SEQID 

NO: 








CGCGACGCTGATGTTGC 


5720 


Met Overproduction 

CGS 

Zea mays 


1 ICCGCCAAACI 1 IGICCGCCAGCI 1 AGCACCAAGGCACGCCGC 

AACTGCAGCAACATCGACGTCGCGCAGATCGTCGGCGCCGCGTG 

GTCCGACTGCCCCGCCGCTCGCCCCCACTTAGG 


5721 


Gly48Asp 
GGC-GAC 


CCTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCG 
GCGACGATCTGCGCGACGTCGATGTTGCTGCAGTTGCGGCGTGC 
CTTGGTGCTAAGCTGGCGGACAAAGI 1 IGGCGGAA 


5722 




CAACATCGACGTCGCGC 


5723 




GCGCGACGTCGATGTTG 


5724 


Met Overproduction 

TQ 
1 O 

Arabidopsis thaliana 


GTATGAATGATCTGTGGGTGAAACACTGTGGGATTAGTCATAGAG 

oAAo I 1 1 UAAoUA 1 Ub 1 ooAA 1 oAU 1 o 1 1 1 1 1 1 Ao 1 UAAo 1 1 AA 

TCGTCTGAGAAAGATGAAACGACCTGTGGT 


5725 


Leu205Arg 

Lrl l-LrOl 


ACCACAGG 1 CG 1 1 1 CA 1 C 1 1 1 CI CAGACGA 1 1 AAC 1 1 GAG 1 AACCA 

A A A/^ A/^T^ ATT/^/^A/*/^ AT^^TTO A A A/^TT/^/^T/^TAXrf^A/^TA AT/^/^/^ 

AAALrAb 1 OATTOOACbAl 00 1 1 GAAAOTTOO 1 b 1 A 1 bAOTAA 1 000 
ACAGTGTTTCACCCACAGATCATTCATAC 


5726 




CAAGGATCGTGGAATGA 


5727 




TCATTCCACGATCCTTG 


5728 


Met Overproduction 

TC 
1 O 

Solanum tuberosum 


GCATGACTGATTTGTGGGTCAAACACTGTGGGATTAGCCATACTG 
b 1 Ab 1 1 1 1 AAbbA 1 Ob 1 bbbA 1 bAO 1 b 1 1 1 1 bb 1 bAb 1 OAAb 1 1 AA 
TCGCTTGCGGAAAATGCATAAACCGGTTGT 


5729 


Leu198Arg 


ACAACCGGI 1 lAIGCAl 1 1 lUCGCAAGCGAI lAACI IGACICACCA 

A A A A /^T/^ ATO/^/^ A /^/^ AT/^^XT* A AAA OTA A AT/^/^/^X A ATf^f^f^ 

AAAOAbTOATCCCACbATOOTTAAAAOTAOOAb I A I bbOTAATOOO 
ACAGTGI 1 IGACCCACAAATCAGTCATGC 


5730 




TAAGGATCGTGGGATGA 


5731 




TCATCCCACGATCC™ 


5732 


Lys Overproduction 

Unro 

Zea mays 


TCATTGGGCACACAGTGAACTGCTTTGGCTCTAGAATGAAAGTGA 
1 AbbOAAOAOAbbAAAOAAO 1 OAAOOAbAbAAbOOb 1 OOAObOA 
ACAGAACAGGGATTTGGTGTTGGCATGCATGC 


5733 


Ser157Asn 

AoO-AAU 


GCATGCATGCCAACAGCAAATCCCTGTTCTGTTGCGTGGACGGCT 
TCTCTGGTTGAGTTGT I 1 CCTGTGTTGCCTATCAC 1 1 IGATTCTAG 
AGCCAAAGCAGTTCACTGTGTGCCCAATGA 


5734 




CACAGGAAACAACTCAA 


5735 




TTGAGTTGTTTCCTGTG 


5736 


Lys Overproduction 

□HPS 

Zea mays 


GCTCTAGAATCAAAGTGATAGGCAACACAGGAAGCAACTCAACCA 
GAGAAGCCGTCCACGAAACAGAACAGGGATTTGCTGTTGGCATG 
CATGCGGCTCTCCACATCAATCCTTACTACGG 


5737 


Ala166Val 
GCA-GAA 


CCGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGC 

AAATCCCTGTTCTGTTTGGTGGACGGCTTCTCTGGTTGAGTTGCTT 

CCTGTGTTGCCTATCACTTTGATTCTAGAGC 


5738 
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Alterrng y ligos 


SEQID 




CGTCCACGAAACAGAAC 


5739 




GTTCTGTTICGTGGACG 


5740 


Lys Overproduction 

DHPS 

Zea mays 


GGCTCTAGAATCAAAGTGATAGGCAACACAGGAAGCAACTCAACC 
AGAGAAGCCGTCCACACAACAGAACAGGGAI 1 IGCTGTTGGCAT 
GCATGCGGCTCTCCACATCAATCCTTACTACG 


5741 


Ala166Thr 
GCA-ACA 


CGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGCAA 

ATCCCTGTTCTGTTGTGTGGACGGCTTCTCTGGTTGAGTTGCTTC 

CTGTGTTGCCTATCACTTTGATTCTAGAGCC 


5742 




CCGTCCACACAACAGAA 


5743 




TTCTGTTGIGTGGACGG 


5744 


Lys Overproduction 
DHPS 

Oryza sativa 


1 lAl IGGGCAIACAGl lAACIGCI 1 IGGCACTAAAAI lAAAGIGGl 

CGGCAACACAGGAAATAACTCAACAAGGGAGGCTATTCACGCAAC 

TGAGCAGGGATTCGCTGTAGGTATGCACGC 


5745 


Ser124Asn 
AGT-AAT 


GCGTGCATACCTACAGCGAATCCCTGCTCAGTTGCGTGAATAGCC 
TCCCTTGTTGAGTTATTTCCTGTGTTGCCGACCAGTTTAAI 1 1 lAGT 
GCCAAAGCAGTTAACTGTATGCCCAATAA 


5746 




CACAGGAAATAACTCAA 


5747 




TTGAGTTATTTCCTGTG 


5748 


Lys Overproduction 
DHPS 

Oryza sativa 


GCACTAAAATTAAAGTGGTCGGCAACACAGGAAGTAACTCAACAA 
GGGAGGCTATTCAGGTAACTGAGCAGGGATTCGGTGTAGGTATG 
CACGCGGCTCTCCACATCAATCCTTACTACGG 


5749 


Ala133Val 
GCA-GTA 


CCGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATACCTACAGC 
GAATCCCTGCTCAGTTACGTGAATAGCCTCCCTTGTTGAGTTACTT 
CCTGTGTTGCCGACGACI 1 lAAl 1 1 lAGTGC 


5750 




TATTCACGIAACTGAGC 


5751 




GCTCAGTTACGTGAATA 


5752 


Lys Overproduction 
DHPS 

Oryza sativa 


GGGACTAAAATrAAAGTGGTCGGCAACACAGGAAGTAACTCAACA 

AGGGAGGCTATTCACACAACTGAGCAGGGATTCGCTGTAGGTAT 

GCACGCGGCTCTCCACATCAATCCTTACTACG 


5753 


Ala133Thr 
GCA-ACA 


CGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATACCTACAGCG 
AATCCCTGCTCAGTTGTGTGAATAGCCTCCCTTGTTGAGTTACTTC 
CTGTGTTGCCGACCACTTTAAI 1 1 lAGTGCC 


5754 




CTATTCACACAACTGAG 


5755 




CTCAGTTGIGTGAATAG 


5756 


Lys Overproduction 
DHPS1 

Trifinum Pi^Rfmim 


TCATCGGGCATACTGTTAACIGCI 1 1 GGAGCCAACATTAAAGTGAT 

AGGCAACACGGGAAATAACTCAACCAGAGAAGCTGTTCACGCGA 

CAGAGCAGGGATTTGCTGTTGGCATGCATGC 


5757 



Ser165Asn 
AGT-AAT 
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Pfeenotype, Oene 


: 






























llll 




























% ^ ' 




GCATGCATGCCAACAGCAAATCCCTGCTCTGTCGCGTGAACAGC 
TCTCTGGTTGAGTTATTTCCCGTGTTGCCTATCACTTTAATGTTGG 
CTCCAAAGCAGTTAACAGTATGCCCGATGA 


r 5758 


A ^/^^^/^ A A A "T" A A /^T"^ A A 

CACGGGAAATAACTCAA 


5759 


TTGAGTTATTTCCCGTG 


5760 


Lys Overproduction 
DHPS1 

Triticum aestivum 

Ala174Val 

GCG-GTG 


GAGCCAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACC/ 
GAGAAGCTGTTCACGTGACAGAGCAGGGATTTGCTGTTGGCATG 
CATGCAGCTCTTCATGTCAATCCTTACTACGG 


k 5761 


CCGTAGTAAGGATTGACATGAAGAGCTGCATGCATGCCAACAGO 
AATCCCTGCTCTGTCACGTGAACAGCTTCTCTGGTTGAGTTACTT 
CCCGTGTTGCCTATCACTTTAATGTTGGCTC 


\ 5762 


TGTTCACGIGACAGAGC 


5763 


GCTCTGTCACGTGAACA 


5764 


Lys Overproduction 
DHPS1 

TrWcum aestivum 

Ala174Thr 

GCG-ACG 


GGAGCCAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACC 
AGAGAAGCTGTTCACACGACAGAGCAGGGATTTGCTGTTGGCAT 
GCATGCAGCTCTTCATGTCAATCCTOCTACG 


: 5765 


CGTAGTAAGGATTGACATGAAGAGCTGCATGCATGCCAACAGCA/ 
ATCCCTGCTCTGTCGTGTGAACAGCTTCTCTGGTTGAGTTACTTC 
CCGTGTTGCCTATCACTTTAATGTTGGCTCC 


\ 5766 


CTGTTCACACGACAGAG 


5767 


CTCTGTCGIGTGAACAG 


5768 


Lys Overproduction 
DHPS2 

Triticum aestivum 

Ser154Asn 

AGT-AAT 


TCATCGGGCACACTGTTAAC 1 GC 1 II GGAACTAACATTAAAGTGA" 
AGGCAACACGGGAAATAACTCAACTAGAGAAGCGATTCACGCTTC 
AGAGCAGGGATTTGCTGTTGGCATGCATGC 


r 5769 


GCATGCATGCCAACAGCAAATCCCTGCTCTGAAGCGTGAATCGC" 
TCTCTAGTTGAGTTATTTCCCGTGTTGCCTATCACTTTAATGTTAG 
TCCAAAGCAGTTAACAGTGTGCCCGATGA 


T 5770 
T 


CACGGGAAATAACTCAA 


5771 


TTGAGTTATTTCCCGTG 


5772 


Lys Overproduction 
DHPS2 

Triticum aestivum 

Ala163Val 

GCT-GTT 


GAACTAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAACTA 
GAGAAGCGATTCACGinCAGAGCAGGGATTTGCTGTTGGCATG( 
ATGCAGCTCTCCATGTCAATCCTTACTATGG 


5773 


CCATAGTAAGGATTGACATGGAGAGCTGCATGCATGCCAACAGCi 
AATCCCTGCTCTGAAACGTGAATCGCTTCTCTAGTTGAGTTACTT( 
CCGTGTTGCCTATCACTTTAATGTTAGTTC 


\ 5774 


GATTCACGTTTCAGAGC 


5775 


GCTCTGAAACGTGAATC 


5776 
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1 < 


Lys Overproduction 

DHPS 2 

Triticum aestivum 


GGAACTAACATTAAAGTGATAGGCAACACGGGAAGTAACTCAAGT 

AGAGAAGCGATTCACACTTCAGAGCAGGGATTTGCTGTTGGCATG 

CATGCAGCTCTCCATGTCAATCCTTACTATG 


5777 


Ala163Thr 
GCT-ACT 


CATAGTAAGGATTGACATGGAGAGCTGCATGCATGCCAACAGCAA 
ATCCCTGCTCTGAAGTGTGAATCGCTTCTCTAGTTGAGTTACTTCC 
CGTGTTGCCTATCACTTTAATGTTAGTTCC 


5778 




CGATTCACACTTCAGAG 


5779 




CTCTGAAGTGTGAATCG 


5780 


Lys Overproduction 
DHPS 

Co/x lacryma-jobi 


CTCATTGGGCATACTGTGAACTGCTTTGGCTCTAGAATTAAAGTGA 
TAGGCAACACAGGAAATAACTCAACCAGAGAAGCTGTTCACGCAA 

CAGAGCAGGGATTTGCTGTTGGCATGCATG 


5781 


Ser154Asn 
AGT-AAT 


CATGCATGCCAACAGCAAATCCCTGCTCTGTTGCGTGAACAGCTT 

CTCTGGTTGAGTTATrrCCTGTGTTGCCTATCACTTTAATTCTAGA 

GCCAAAGCAGTTCACAGTATGCCCAATGAG 


5782 




CACAGGAAATAACTCAA 


5783 




TTGAGTTA]T1 


rCCTGTG 




5784 


Lys Overproduction 

DHPS 

Coix lacryma-jobi 


GCTCTAGAATTAAAGTGATAGGCAACACAGGAAGTAACTCAACCA 
GAGAAGCTGTTCACGTAACAGAGCAGGGAI 1 1 GCTGTTGGCATGC 
ATGCAGCTCTCCACATCAATCCTTACTATGG 


5785 


Ala163Val 
GCA-GTA 


CCATAGTAAGGATTGATGTGGAGAGCTGCATGCATGCCAACAGCA 
AATCCCTGCTCTGTTACGTGAACAGCTTCTCTGGTTGAGTTACTTC 
CTGTGTTGCCTATCACI 1 lAATTCTAGAGC 


5786 




TGTTCACGIAACAGAGC 


5787 




GCTCTGTTACGTGAACA 


5788 


Lys Overproduction 
DHPS 

Coix lacrymaiobi 


GGCTCTAGAATTAAAGTGATAGGCAACACAGGAAGTAACTCAACG 

AGAGAAGCTGTTGACACAACAGAGCAGGGATrTGCTGTTGGCATG 

CATGCAGCTCTCCACATCAATCCTTACTATG 


5789 


Ala163Thr 

/^/^ A A ^\ A 

GCA-ACA 


CATAGTAAGGATTGATGTGGAGAGGTGCATGCATGCGAACAGGAA 
ATCCCTGGTCTGTTGTGTGAACAGCTTCTCTGGTTGAGTTACTTCC 
TGTGTTGCCTATCACI 1 1 AATTCTAGAGCC 


5790 




GTGTTCACACAACAGAG 


5791 




CTCTGTTGIGTGAACAG 


5792 


Lys Overproduction 
DHPS 

Nicotiana tabacum 


1 OA 1 i GG 1 CACACAG 1 CAA 1 1 G 1 1 1 1 GGAGGG 1 CCA 1 CAAAG 1 CA 1 
CGGGAACACTGGAAACAACTCGACAAGGGAAGCAATCCATGCAA 
CTGAACAGGGATTTGCTGTAGGTATGCATGC 


5793 


Ser136Asn 
AGC-AAC 


GCATGCATACCTACAGCAAATCCCTGTTCAGTTGCATGGATTGCTT 
CCCTTGTGGAGTTGTTTCCAGTGTTCCCGATGACI 1 IGATGGACC 
CTCCAAAACAATTGACTGTGTGACCAATGA 


5794 




CACTGGAAACAACTCCA 


5795 
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[ 'Alferatloii . 


Alterittg Oii80$ 


SEQID 

i UO; 




T 


GGAGTTGnrCCAGTG 


5796 




Lys Overproduction G 


lAGGGTCCATCAAAGTCATCGGGAACACTGGAAGCAACTCCAGAA 


5797 




DHPS G 


iGGAAGCAATCCATGTAACTGAACAGGGA 1 1 1 GCTGTAGGTATGC 






Nicotiana tabacum A 


JGCAGCTCTTCACATTAATCCCTACTATGG 






Ala145Val C 


;CATAGTAGGGATTAATGTGAAGAGCTGCATGCATACCTACAGCA 


5798 


5 


GCA-GTA A 

C 


ATCCCTGTTCAGTTACATGGATTGCTTCCCTTGTGGAGTTGCTTC 
lAGTGTTCCCGATGACTTTGATGGACCCTC 






A 


ATCCATGIAACTGAAC 


5799 




G 


JTTCAGTTACATGGATT 


5800 




Lys Overproduction G 
DHPS A 


JGAGGGTCCATCAAAGTCATCGGGAACACTGGAAGCAAGTCCAC 
AGGGAAGCAATCCATACAACTGAACAGGGAI 1 IGCTGTAGGTAT 


5801 




Nicotiana tabacum G 


5CATGCAGCTCTTCACATTAATCCCTACTATG 






Ala145Thr C 


;atagtagggattaatgtgaagagctgcatgcatacctacagcaa 


5802 


10 


GCA-ACA 


JCCCTGTTCAGTTGIATGGATTGCTTCCCTTGTGGAGTrGCTTCC 
lGTGTTCCCGATGACTTTGATGGACCCTCC 






C 


;aatccatacaactgaa 


5803 




T 


tcagttgiatggattg 


5804 




Lys Overproduction T 
DHPS T 


TATAGGCCATACCGTTAAC'IGI 1 1 iggcggaagcatcaaagtcat 

^> AAA A /^T"/^/^ AAA ^ A A ' 1 1 '/^/^ A /^"T A A A A /^/^ A A "T*/^/^ A A 

GGAAACACTGGAAACAATTCGACTAGAGAAGCAATCCACGCGAC 


5805 




Arabidopsis thaliana T 


gaacaaggattcgcggttggaatgcatgc 






Ser142Asn G 


5CATGCATTCCAACCGCGAATCCTTGTTCAGTCGCGTGGATTGCT 


5806 


15 


AGG-AAC T 

C 


CTCTAGTCGAATTGTrTCCAGTG 1 1 lUUAAlUAUl 1 iGATGCTTC 
IGCCAAAACAGTTAACGGTATGGCCTATAA 






C 


lACTGGAAACAATTCGA 


5807 




T 


CGAATTGTTTCCAGTG 


5808 




Lys Overproduction G 
DHPS C 


5CGGAAGCATCAAAGTCATTGGAAACACTGGAAGCAATTCGACTA 
jAGAAGCAATCCACGTGACTGAACAAGGATTCGCGGTTGGAATGC 


5809 




Arabidopsis thaliana A 


JGCTGCTCTTCATATAAACCCTTACTATGG 






Ala151Val C 


jcatagtaagggtttatatgaagaggagcatgcattccaaccgcg 


5810 


20 


GCG-GTG fi 

C 


atccttgttcagtcacgtggattgcttctctagtcgaattgcttc 

JAGTG 1 1 1 GGAATGAGTTTGATGCTTCCGC 








ATCGAGGIGAGTGAAG 


5811 




C 


5TTGAGTGAGGTGGATT 


5812 




Lys Overproduction C 
DHPS fi 


5GGGGAAGCATGAAAGTGATTGGAAAGAGTGGAAGCAATTGGAGT 
^GAGAAGCAATCCACACGACTGAACAAGGATTCGCGGTTGGAATG 


5813 




Arabidopsis thaliana C 


JATGCTGCTCTTCATATAAAGGCTTAGTATG 






Ala151Thr C 


lATAGTAAGGGTTTATATGAAGAGGAGGATGGATTGGAAGGGGGA 


5814 


25 


GCG-AGG fi 

fi 


JCCTTGTTGAGTGGTGTGGATTGGTTGTCTAGTGGAATTGGTTGG 
iGTGTTTCCAATGACTTTGATGCTTCCGCC 
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Pfienotype, fiene, 


Afterirta OtteOS '1^ 


SEQID 


NO; . 


Alteration 






CAATCCACACGACTGAA 


5815 




TTCAGTCGIGTGGATTG 


5816 


Lys Overproduction 

ni-iDQ 
Unro 

Glycine max 


TTAnGCTCATACAGTCAACIGI 1 1 1 GG 1 GGGAAAATTAAGGTTATT 

f2nAAATAPTf3f^AAArAAr*TrPAPPAriRfiAAnnAATTnATfinnAnT 

OOMMM 1 Mw 1 O \J3/\M>\ wAvA w 1 OV_/MO w/AOOO/A/AOw/uA I 1 w/A 1 vjw w/AO 1 

GAGCAGGGI 1 1 1 GCTGTTGGAATGCATGC 


5817 


Ser103Asn 

AoLr-AAO 


GCATGCATTCCAACAGCAAAACCCTGCTCAGTGGCATGAATTGCT 

TOr*r*T/^OTOO A^^TTOT 1 1 A/^TATTTPP A ATA APPTTAA 1 1 1 1 PP 

CACCAAAACAGTTGACTGTATGAGCAATAA 


5818 




TACTGGAAACAACTCCA 


5819 




TGGAGTTGTTTCCAGTA 


5820 


Lys Overproduction 

Unro 

Glycine max 


GTGGGAAAATTAAGGTTATTGGAAATACTGGAAGCAACTCCACCA 

rt;nr^AA(^rAATTPATf^TPArTf^AnrAnr5nTTTT<^rTRTTr5fiAATfin 

ATGCTGCCCTTCACATAAACCCmCTATGG 


5821 


Ala112Val 


CCATAGTAAGGGTTTATGTGAAGGGCAGCATGCATTCCAACAGCA 
AAAOL»L> 1 oO 1 UAo 1 oAUA 1 oAA 1 1 1 1 VjVjKj I oti 1 oljAo 1 1 1 1 
CCAGTATTTCCAATAACCTTAAI 1 1 ICCCAC 


5822 




AATTCATGICACTGAGC 


5823 




GCTCAGTGACATGAATT 


5824 


Lys Overproduction 

nUDQ 

Unro 

Glycine max 


GGTGGGAAAATTAAGGTTATTGGAAATACTGGAAGCAACTCCACC 
ARRRAA(^rAATTrATArrArTf5Ar5rA(^(^(^TTTTfinTGTTGGAATG 

CATGCTGCCCTTCACATAAACCCTTACTATG 


5825 


Ala112Thr 
r^r^r* aop 


CATAGTAAGGGTTTATGTGAAGGGCAGCATGCATTCCAACAGCAA 

A APPPXPPTP APTPPTATP A ATTPPTTPPPTPriSTril/^ArriTT^^PTTP 

CAGTATTTCCAATAACCTTAAI 1 1 ICCCACC 


5826 




CAATTCATACCACTGAG 


5827 




CTCAGTGGIATGAATTG 


5828 


Trp Overproduction 

AQ 
Ao 

Arabidopsis thaliana 


CTTGCAGGAGACAIAI 1 1 CAGATCGTGCTGAGTCAACG 1 1 1 IGAG 
rGGrGAArATTTGrAAArrrrTTTGAAGTTTATAfiAGriArTAARA 

GTTGTGAATCCAAGTCCGTATATGGGTTATT 


5829 


Asp341Asn 

riAr* AAP 
oAO-AALr 


AATAACCCATATACGGACTTGGATTCACAACTCTOGTGCTCTATA 

A APTTP A A APr:SPr:iTTTriPA A ATPiTTPPiPPriPTPA A A APr^TXri APT 
AALf 1 1 LrAAAoooo I 1 1 oUAAA loll LrVjL/UVjjO 1 UMMMMO^ 1 1 OMO 1 

CAGCACGATCTGAAATATGTCTCCTGCAAG 


5830 




CATTTGCAAACCCCTTT 


5831 




AAAGGGGTTTGCAAATG 


5832 


Trp Overproduction 
AS 

Ninnfiana ffihanum 


GCTGCAGGAGACAIAI 1 ICAAAIUGI 1 1 lAAGTCAACGCI 1 IGAGA 
GAAGAACATTTGCTAACCCATTTGAAGTGTACAGAGCATTAAGAAT 
TGTGAATCCAAGCCCATATATGACTTACA 


5833 



Asp326Asn 
25 GAC-AAC 
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-'i'- 


c 


'GTAAGTCATATATGGGCTTGGATTCACAATTCTTAATGCTCTGTA 
lACTTCAAATGGGTTAGCAAATGTTCTTCTCTCAAAGCGTTGACTT 


5834 




WV^CGAI 1 IGAAATATGTCTCCTGCAGC 




c 


;ai I igciaacccai i i 


5835 


/ 


^TGGGTIAGCAAATG 


5836 


Trp Overproduction C 
AS C 


JTAGCTGGTGACAI 1 1 1 1 CAAGTAGTCTTAAGCCAGCG 1 1 1 IGAGA 
3GCGTACATTTGCTAACCCCTTTGAGGTGTACCGTGCATTGCGTA 


5837 


Oryza sativa 1 


TGTCAATCCTAGTCCTTATATGGCCTATC 




Asp323Asn C 
GAC-AAC / 

1 


3ATAGGCCATATAAGGACTAGGATTGACAATACGCAATGCACGGT 
^CACCTCAAAGGGGTTAGCAAATGTACGCCTCTCAAAACGCTGGC 
TAAGACTACTTGAAAAATGTCACCAGCTAG 


5838 


( 


:atttgctaaccccttt 


5839 


/ 


WVGGGGTTAGCAAATG 


5840 


Trp Overproduction ( 
AS ( 


:ttgctggtgacatattccagatcgtactaagtcagcgttttgaaa 
bgcgaacgttcgcaaacccatttgaaatctatagatcactgagga 


5841 


Rwfa graveolens 1 


rTGTTAATCCAAGCCCATATATGACTTATT 




Asp354Asn / 


\ATAAGTCATATATGGGCTTGGATTAACAATCCTCAGTGATCTATA 


5842 


GAC-AAC ( 


jATTTCAAATGGGTTTGCGAACGTTCGCCI 1 ICAAAACGCTGACrr 
\GTACGATCTGGAATATGTCACCAGCAAG 




( 


:gttcgcaaacccattt 


5843 




\AATGGGTTTGCGAACG 


5844 


Trp Overproduction ( 

AS ( 


:TGGCTGGGGACATATi-CCAGC II G 1 CO 1 AAG 1 CAGCG 1 1 II GAA 
[^GGCGAACATTTGCAAATCCATTTGAAGTCTACCGAGCATTGAGA 


5845 


Catharanthus roseus / 


\TTGTCAACCCAAGTCCATATATGACTTATT 




Asp354Asn / 
GAT-AAT ( 

y 


\ATAAGTCATATATGGACTTGGGTTGACAATTCTCAATGCTCGGTA 
BACTTCAAATGGATTTGCAAATGTTCGCCGTTCAAAACGCTGACTT 
\GGACAAGCTGGAATATGTCCCCAGCCAG 


5846 


( 


:atttgcaaatccattt 


5847 


/ 


\AATGGATTTGCAAATG 


5848 
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Example 10 
Production of modified starch in plants 

A principal aim of biotecfinology is the improvement of crop plants for food value, 
agriculture, and to produce a range of plant-derived raw materials. Along with oils, fats and proteins, 
polysaccharides constitute the main raw materials derived from plants, and apart from cellulose, the storage 
polymer starch is the most important polysaccharide raw material. Starch is derived from a range of plants, 
but maize is the most important cultivated plant for the production of starch. 

The polysaccharide starch is a polymer made up of glucose molecules. However, starch is 
not a homogeneous raw material and is, in fact, a highly complex mixture of various types of molecules 
which differ from each other, for example, in their degree of polymerization and in the degree of branching of 
the glucose chains. For example, amylose-starch is a basically non-branched polymer made up of 
a-1,4-g]ycosidically branched glucose molecules, and amylopectin-starch is a complex mixture of variously 
branched glucose chains. The branching results from additional a-1,6-glycosidic linkages. In plants from 
which starch is typically isolated, for example maize or potato, the starch is approximately 25% 
amylose-starch and 75% amylopectin-starch. 

In maize, various mutants in starch metabolism are known, for example waxy, sugary, 
shrunken and opaque-2. In addition to producing a modified starch, these mutations greatly improve grain 
quality in maize, and thus expand the use of maize not only as the food but also for the important industrial 
materials in food chemistry. It would therefore be advantageous to be able readily to obtain mutants in these 
genes in particular maize genotypes as well as other plants. Such plants can be obtained, for example, 
using traditional breeding methods and through specific genetic modification by means of recombinant DNA 
techniques. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table 20 

Genome-Altering Oli gos Conferring Increased Starch 



Phenotype, Gene, 
p]dnt& Targeted 
Alteration 


; , Altering Oli8o$ 


SEQID 
^ NO: 


Increased Starch 
ADPGPP 

Arabidopsis Vialiana 


GAACTTGAGACTGAGAAAAGGGATCCAAGGACAGTTGCTTCCATT 
ATTCTTGGAGGTGGAAAAGGAACTCGACTCTTTCCTCTCACAAAA 
CGCCGCGCCAAGCCTGCCGTTCCTATCGGGG 


5849 


Ala99Lys 
GCA-AAA 


CCUCGAIAGGAACGGCAGGCI IGGCGCGGCGI 1 1 IGIGAGAGGA 
AAGAGTCGAGTTCC 1 M. 1 CCACCTCCAAGAATAATGGAAGCAACT 
GTCCTTGGATCCCI 1 1 1 CTCAGTCTCAAGTTC 


5850 




GAGGTGGAAAAGGAACT 


5851 




AGMCCIlilCCACCIC 


5852 


Increased Starch 
ADPGPP 

Arabidopsis tlialiana 


CAAAACGCCGCGCCAAGCCTGCCGTTCCTATCGGGGGAGCCTAT 
AGGTfGATAGATGTACTAATGAGCAATTGTATTAACAGCGGAATCA 
ACAAAGTCTACATACTCACACAATATAACTC 


5853 


Pro127Leu 
CCA-CTA 


GAGTTATATTGTGTGAGTATGTAGACTTTGTTGATTCCGCTGTTAA 
TACAATTGCTCATTAGTACATCTATCAACCTATAGGCTCCCCCGAT 
AGGAACGGCAGGCTTGGCGCGGCG 1 1 1 1 G 


5854 






oooo 




TGCTCATTAGTACATCT 


5856 


Increased Starch 
ADPGPP 

Arabidopsis ttialiana 


TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 
TTACAACTCCAATAATCTTGGCI 1 1 GGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 


5857 


Gly162Asn 
GGA-AAT 


GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCCA 

TCTCCAAAGCCAAGATTATTGGAGTTGTAAGCACGGGCTAAATGC 

CTGTTCAATGATGCTGAGTTATATTGTGTGA 


5858 




PTPP A AT A ATPTTrir^PT 


oooy 




AGCCAAGATTATTGGAG 


5860 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 
TTACAACTCCAATAACCTTGGCI 1 1 GGAGATGGCTATGTTGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 


5861 


Gly162Asn 
GGA-AAC 


GA 1 1 C 1 CC 1 GGCG II 1 GAG 1 GGCCGCAAGAACC 1 CAACA 1 AGCCA 
TCTCCAAAGCCAAGGTTATTGGAGTTGTAAGCACGGGCTAAATGC 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 


5862 




CTCCAATAACCTTGGCT 


5863 




AGCCAAGGTTATTGGAG 


5864 
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Pftesot^e, Gene, 
Plant & Targeted 
Alteration 






Aitering Olig0$ 

■ — 


SEaiD 

WVr 


Increased Starch 

ADPGPP 

Arabidopsis thaliana 


GTTTGAGAGAAGAAAGGTAGACCCGCAAAATGTGGCTGCAATCAT 
TCTAGGAGGAGGCAAAGGAGCTAAACTCTTCCCTCTTACAATGAG 
AGCCGCAACACCAGCTGTAAATATTCATCTT 


5865 


AsnlOOLys 

A A T" AAA 

AAT-AAA 


AAGAIGAAIAI 1 lACAGCIGGIGI IGCGGUICICAI IGIAAGAGG 
GAAGAGTTTAGCTCCTTTGCCTCCTCCTAGAATGATTGCAGCCAC 
Al 1 1 IGCGGGTCTACCTTTCTTCTCTCAAAC 


5866 




GGAGGCAAAGGAGCTAA 


5867 




TTAGCTCCTTTGCCTCC 


5868 


Increased Starch 
ADPGPP 

Arabidopsis thaliana 


CTTGTGTCTTCAAATTATGmGGTTCGTGTTGGTGGATGCTACAG 
GCTGATCGATATCCTGATGAGTAACTGTATTAACAGCTGCATCAAC 

AAGATAI 1 IGTGCTGACACAGTTCAACTC 


5869 


Pro128Leu 
CCG-CTG 


GAGTTGAACTGTGTCAGCACAAATATCTTGTTGATGCAGCTGTTAA 

TACAGTTACTCATCAGGATATCGATCAGCCTGTAGCATCCACCAA 

CAGGAACCTAACATAATTTGAAGACACAAG 


5870 




CGATATCCIGATGAGTA 


5871 




TACTCATCAGGATATCG 


5872 


Increased Starch 
ADPGPP 

Arabidopsis tlialiana 


TGACACAGTTCAACTCAGCTTCCCTTAATCGACATTTAGCACGAAC 
TTAl 1 1 IbbbAAIAATAIAAAUl 1 1 GGAGGTGG 1 1 1 CGTAGAGGTA 
CAAACACTATGACAATAATAACTCTCAGC 


5873 


Gly163Asn 

^^^^^^ A A 

GGC-AAT 


GCTGAGAGTOTTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 
CTCCAAAGI 1 lATATTATTCCCAAAATAAGTTCGTGCTAAATGTCG 
ATTAAGGGAAGCTGAGTTGAACTGTGTCA 


5874 




TGGGAATAATATAAACT 


5875 




AGTTTATATTATTCCCA 


5876 


Increased Starch 
ADPGPP 

Arabidopsis tlialiana 


TGACACAGTTCAACTGAGCTTCCCTTAATCGACAI 1 lAGCACGAAC 

1 1 A 1" !"/^/^/^ A A "T" A A ^ A "1" A A A 11 1 '/^/^ A ^>/^T'^X^X' 1 " 1 1 '/^^X' 1 ' A ^X A /^/^T A 

TTA 1 1 1 1 bCjbAA 1 AAOA 1 AAAL 1 1 1 bbAbb 1 bb II 1 CGTAGAGGTA 
CAAACACTATGACAATAATAACTCTCAGC 


5877 


Gly163Asn 
GGC-AAC 


GCTGAGAGTTATTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 
CTCCAAAGTTTATGTTATTCCCAAAATAAGTTCGTGCTAAATGTCG 
ATTAAGGGAAGCTGAGTTGAACTGTGTCA 


5878 




TGGGAATAACATAAACT 


5879 




AGTTTATGTTATTCCCA 


5880 


Increased Starch 

ADPGPP 

Lycopersicon 


TTGAGGAACAACCAACGGCAGATCCAAAAGCTGTTGCCTCTGTCA 
TTCTAGGTGGTGGTAAAGGAACTCGTCI 1 1 1 I CCTCTTACAAGCA 
GAAGAGCTAAACCAGCTGTTCCTATTGGTGG 


5881 


esculentum 

Val94Lys 

GTT-AAA 


CCACCAATAGGAACAGCTGGTTTAGCTCTTCTGCTTGTAAGAGGA 
AAAAGACGAGTTCCTTTACCACCACCTAGAATGACAGAGGCAACA 
GC 1 1 1 1 GGA 1 C 1 GCCG ITGGTTGTTCCTCAA 


5882 




TGGTGGTAAAGGAACTC 


5883 
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^^^^^:•^•:•:^•*^ir.l•*V.•l^y|f/;^*:J■:^W 

P!attl& Targeted 
Alteration 




SEQiD 




A r^TTPr'TTT A Apr* A 




incr63S6Q oiarcn 

ADPGPP 

Lycopersicon 


P A A P A A A A PT A A A A PTr^TTPPT ATT(^nTr^ r^TTf^TT A PP 

GGCTAATTGATGTACAAATGAGTAACTGCATTAACAGTGGCATAC 
GGAAAAI 1 1 ICATCTTAACACAGTTCAATTC 


\JUU\J 


esculentum 
Pro122Leu 
CCA-CAA 


GAATTGAACTGTGTTAAGATGAAAATTTTCCGTATGCCACTGTTAA 
TGCAGTTACTCATTTGTACATCAATTAGCCGGTAACAACCACCAAT 
AGGAACAGCTGGTTTAGCTCTTCTGCTTG 


5886 




TGATGTACAAATGAGTA 


5887 




T A PTP ATTTr:iT A P ATP A 
I AO 1 U A 1 i JLo 1 ALr A I OA 


oooo 


increasea oiarcn 

ADPGPP 

Lycopersicon 


P A P A r^TTP A ATTP PTTTTP P PTP A ATP PiTP A PPTXnP P PPP A P PiT A 

taai 1 1 iggaaaiaatgigggi 1 1 iggagaiggai 1 igtggaggtt 
™gctgcaacccagactccaggggatgc 




esculentum 
Gly158Asn 
GGA-AAT 


GCATCCCCTGGAGTCTGGGTTGCAGCTAAAACCTCCACAAATCCA 
TCTCCAAAACCCACATTATTTCCAAAATTATACGTGCGGGCAAGGT 
GACGATTGAGGGAAAAGGAATTGAACTGTG 


5890 




TGGAAATAATGTGGGTT 


5891 




A A PPPAP ATT ATTTPP A 
AAUVw/UAUM 1 1 A 1 1 1 ULrA 




increasGQ oiarcn 

ADPGPP 

Lycopersicon 


P A P A HTTP A ATTP PTTTTP P PTP A ATP fiTP A P PTT Pi P P P P A PHT A 
OAOAO 1 1 L/AA 1 1 OO Mil 1 L/AA 1 L/O 1 V^AVm»0 1 1 OOV-»OOOAOO I r\ 

TAAI 1 1 IGGAAAIAACGIGGGI 1 1 1 GGAGATGGATTTGTGGAGGTT 
TTAGCTGCAACCCAGACTCCAGGGGATGC 




esculentum 
Gly158Asn 
GGA-AAC 


GCATCCCCTGGAGTCTGGGTTGCAGCTAAAACCTCCACAAATCCA 
TCTCCAAAACCCACGTTATTTCCAAAATTATACGTGCGGGCAAGGT 
GACGATTGAGGGAAAAGGAATTGAACTGTG 


5894 




TGGAAATAACGTGGGTT 


5895 




A APPPAP/2TTATTTPPA 
AALrUUAUo 1 1 A 1 1 1 OLrA 




Increased Starch 

rVUr Or 1 

Cicer arietinum 


ACGTAGATTTGGAAAAAAGAGACCCAAGTACAGTTGTAGCAATTAT 

APTARRTRftAftRTAAARRAAPTPRTPTnTTnCCTCTCACCAAGC 

GACGAGCCAAGCCTGCTGTTCCAATTGGAGG 


5897 


Ala101Lys 
GCT-AAA 


CCTCCAATTGGAACAGCAGGCTTGGCTCGTCGCTTGGTGAGAGG 
GAAGAGACGAGTTCCTTTACCTCCACCTAGTATAATTGCTACAACT 
GTACTTGGGTCTCI 1 1 1 1 1 CCAAATCTACGT 


5898 




TGGAGGTAAAGGAACTC 


5899 




GAGTTCCTTTACCTCCA 


5900 
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Pliariotype, ^Sene, 


iliillllHIiiiliilli^^^ 

'\ : \ "'^^ -v , ^ 


SEQiD 








Increased Starch ( 
ADPGPP ( 


[iCAAGCGACGAGCCAAGCCTGCTGTTCCAATTGGAGGTGCTTATA 
3GCTGATAGATGTACTAATGAGTAACTGCATCAATAGTGGGATCAA 


5901 




Cicer arietinum i 


DAAAGTATACATTCTCACTCAAI 1 lAATTC 






Pro129Leu ( 


3AATTAAATTGAGTGAGAATGTATACTTTGTTGATCCCACTATTGAT 


5902 


5 


CCA-CTA ( 

( 


3CAGTTACTCATTAGTACATCTATCAGCCTATAAGCACCTCCAATT 
jGAACAGCAGGCTTGGCTCGTCGCTTGG 






J 


f\GATGTACIAATGAGTA 


5903 






rACTCATTAGTACATCT 


5904 




Increased Starch ( 


:tcaatttaattcagcctcactcaacaggcatattgcacgtgctta 


5905 




ADPGPP 


rAACTCTGGTACTAATGTCAC 1 1 1 1 GGAGATGGCTATGTTGAGGTT 






Cicer arietinum ( 


3TTGCAGCAACTCAAACTCCAGGGGAGCA 






Glyl 65Asn 


rGCTCCCCTGGAGTTTGAGTTGCTGCAAGAACCTCAACATAGCCA 


5906 


10 


GGA-AAT 

( 


rCTCCAAAAGTGACATTAGTACCAGAGTTATAAGCACGTGCAATAT 
3CCTGTTGAGTGAGGCTGAATTAAATTGAG 








rGGTACTAATGTCACTT 


5907 






^AGTGACATTAGTACCA 


5908 




Increased Starch i 
ADPGPP 


DTCAATTTAATTCAGCCTCACTCAACAGGCATATTGCACGTGCTTA 
rAACTCTGGTACTAACGTCAC 1 1 1 1 GGAGATGGCTATGTTGAGGTT 


5909 




Cicer arietinum < 


CTTGCAGCAACTCAAACTCCAGGGGAGCA 






Gly165Asn 


rGCTCCCCTGGAGTTTGAGTTGCTGCAAGAACCTCAACATAGCCA 


5910 


15 


GGA-AAC 


^^^^■^.^^ A A A A J^W* A ^i*^^ A A .^V A A A A A ^^^^ A ^^^^^^^^^^ A A A 

rCTCCAAAAGTGACGTTAGTACCAGAGTTATAAGCACGTGCAATAT 
GCCTGTTGAGTGAGGCTGAATTAAATTGAG 








rGGTACTAACGTCACTT 


5911 






^GTGACGTTAGTACCA 


5912 




Increased Starch i 
ADPGPP i 


MATTGGAGAGGCGTCGGGCAAACCCTAAGAATGTGGCTGCAATC 

A "T* A ^T/^/^/^ A /^T AAA /^/^/^ A A O A 0/^"T" A" 1 " 1 '/^/^/^"l"/^T/^ A /^/^ A AT* 

MACTGCCAGGCGGTAAAGGGACACACCTATTCCCTCTCACCAAT 


5913 




Ipomoea batatas 


CGAGCTGCAACCCCTGCTGTTCCACTTGGAG 




20 


Ala94Lys 

^^^^ A AAA 

GCA-AAA i 


CTCCAAGTGGAACAGCAGGGGTTGCAGCTCGATTGGTGAGAGGG 
AATAGGTGTGTCCCTTTACCGCCTGGCAGTATGATTGCAGCCACA 
TTCTTAGGGTTTGCCCGACGCCTCTCCAATAT 


5914 






CAGGCGGTAAAGGGACA 


5915 






rGTCCCTTTACCGCCTG 


5916 




Increased Starch 


CCAATCGAGCTGCAACCCCTGCTGTTCCACTTGGAGGATGCTATA 


5917 




ADPGPP 


GGTTGATCGACATTGTAATGAGGAACTGCATCAACAGCGGGGTTA 






Ipomoea batatas i 


ACAAGATCTTTGTGCTGACCCAGTTCAATTC 






Pro122Leu 


GAATTGAACTGGGTCAGCACAAAGATCTTGTTAACCCCGCTGTTG 


5918 


25 


CCA-CTA 


ATGCAGTTGCTCATTAGAATGTCGATCAACCTATAGCATCCTCCAA 
GTGGAACAGCAGGGGTTGGAGCTCGATTGG 








CGACATTCTAATGAGCA 


5919 
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Pftenotype, Gene, 
Pl^rtl& Targeted 
Alteration 


Altering Ollgo$ 


NO: 




TGCTCATTAGAATGTCG 


5920 


Increased Starch 
Ipomoea batatas 


IGACCCAGI ICAAI ICAGCI ICICI lAACCGICACAl 1 ICCCGIAC 

Pr^TPTTTr^nPAATAATr^Tr^AnPTTPnnAf^ATn(^ATTTr^TTftAnn^ 

GCTGGCTGCAACCCAAACACAAGGGGAAAC 


5921 


Gly157Asn 
c^nr A AT 


GTTTCCCCTTGTGTTTGGGTTGCAGCCAGCACCTCAACAAATCCA 

TPTPPP A APPTPAPATTATTPPPA A AP APPOTAPP/^^^A A AT^^T^^A 
I U 1 UoLjAAoU I LrAUA MAM UUOAAAUAUoL? 1 AuLjciLjAAA I U 1 vjA 

CGGTTAAGAGAAGCTGAATTGAACTGGGTCA 


5922 




TGGCAATAATGTGAGCT 


5923 




AGCTCACATTATTGCCA 


5924 


Increased Starch 
Ipomoea batatas 


TGACCCAGTTCAATTCAGCTTCTCTTAACCGTCACAl 1 lUUUUIAU 
pr^TPTTTr^f^PAATAArr^TnAr^PTTPnr^Af^ATnr^ATTTr^TTr^Ar^riT 

GCTGGCTGCAACCCAAACACAAGGGGAAAC 


5925 


Gly157Asn 

rsOT AAP 


GTTTCCCCTTGTGTTTGGGTTGCAGCCAGCACCTCAACAAATCCA 

1 Lf 1 UOoAAoU 1 UAUo 1 1 A M oL>L«/W\V3AL»ovj 1 AUoooAAA 1 1 uA 

CGGTTAAGAGAAGCTGAATTGAACTGGGTCA 


5926 




TGGCAATAACGTGAGCT 


5927 




AGCTCACGTTATTGCCA 


5928 


Increased Starch 

Anpf^PP 

Oryza sativa 


CATTCCGGAGGAACTTTGCGGATCCAAATGAGGTTGCTGCTGTTA 
CAAGGGCCACGCCTGCTGTTCCTATTGGAGG 


5929 


Thr96Lys 

APP AAA 


CCTCCAATAGGAACAGCAGGCGTGGCCCTTGTGCTTGTGAGAGG 

AAA A A PTTP A PTPPPTTTPPP A PP A PPP A AT ATA APAf^P A riP A AP 
AAAAAvj 1 1 uAo 1 UUU 1 I 1 oOL/AUUAL/UUAA 1 A 1 AAUAoUAoUAAO 

CTCAI 1 IGGATCCGCAAAGTTCCTCCGGAATG 


5930 




TGGTGGCAAAGGGACTC 


5931 




GAGTCCCTrrGCCACCA 


5932 


increased Starch 
ADPGPP 
0/yza saf/Va 


CAAGCACAAGGGCCACGCCTGCTGTTCCTATTGGAGGATGCTATA 
GGCTTATCGATATCCTCATGAGCAACTGTTTCAACAGTGGCATAAA 
CAAGATATTCATAATGACTCAATTCAACTC 


5933 


Pro1.24Leu 

PPP PTP 


GAGTTGAATTGAGTCATTATGAATATCTTGTTTATGCCACTGTTGAA 

A P A PTTPPTP ATP A Prii AT ATPri AT A A PPPT AT A PP ATPPTPP A AT A 
ALrAvj 1 1 1 UA 1 oAovjA I A 1 UoA 1 AAoOU 1 A 1 AoUA 1 OU 1 OOAA 1 A 

GGAACAGCAGGCGTGGCCCTTGTGCTTG 


5934 




CGATATCCTCATGAGCA 


5935 




TGCTCATGAGGATATCG 


5936 


Increased Starch 
ADPGPP 

Oryza sativa 


TGACTCAATTCAACTCAGCATCTCTTAATCGTCACATTCATCGTAC 
GTACCTTGGTGGTAATATCAACTTTACTGATGGTTCTGTTGAGGTA 

TTAGCCGCTACACAAATGCCTGGGGAGGC 


5937 


Gly159Asn 
GGA-AAT 


GCCTCCCCAGGCATTTGTGTAGCGGCTAATACCTCAACAGAACCA 
TCAGTAAAGTTGATATTACCACCAAGGTACGTACGATGAATGTGAC 
GATTAAGAGATGCTGAGTTGAATTGAGTCA 


5938 
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Pfteiiotype, Gerte, 
Alferatlos 




SEOiD 




; NO: 




TGGTGGTAATATCMCT 


5939 




AGTTGATATTACCACCA 


5940 


Increased Starch 
ADPGPP 
Oryza sativa 


TGACTCAATTCAACTCAGCATCTCTTAATCGTCACATTCATCGTAC 
GTACCTTGGTGGTAACATCAAC I 1 I ACTGATGGTTCTGTTGAGGTA 
TTAGCCGCTACACAAATGCCTGGGGAGGC 


5941 


Gly159Asn 

A A A 

GGA-AAC 


GCCTCCCCAGGCATTTGTGTAGCGGCTAATACCTCAACAGAACCA 

TCAGTAAAGTTGATGTTACCACCAAGGTACGTACGATGAATGTGA 

CGATTAAGAGATGCTGAGTTGAATTGAGTCA 


5942 




TGGTGGTAACATCAACT 


5943 




AGTTGATGTTACCACCA 


5944 


Increased Starch 
ADPGPP 
Triticum aestivum 


GTCCTTCAGGAGGATTAAGCGATCCGAACGAGGTTGCGGCCGTC 
ATACTCGGCGGCGGCAAAGGGACTCAGCTCTTCCCACTCACGAG 
CACAAGGGCCACACCTGCTGTTCCTATTGGAGG 


5945 


ThrSOLys 

A ^X^N AAA 

ACC-AAA 


CCTCCAATAGGAACAGCAGGTGTGGCCCTTGTGCTCGTGAGTGG 
GAAGAGCTGAGTCCCTTTGCCGCCGCCGAGTATGACGGCCGCAA 
CCTCGTTCGGATCGCTTAATCCTCCTGAAGGAC 


5946 




CGGCGGCAAAGGGACTC 


5947 




GAGTCCCTTTGCCGCCG 


5948 


Increased Starch 
ADPGPP 
Triticum aestivum 


CGAGCACAAGGGCCACACCTGCTGTTCCTATTGGAGGATGTTACA 

GGCTCATCGACATTCTCATGAGCAACTGCTTCAACAGTGGCATCA 

ACAAGATATTCGTCATGACCCAGTTCAACTC 


5949 


Pro108Leu 
CCC-CTC 


GAGTTGAACTGGGTCATGACGAATATCTTGTTGATGCCACTGTTG 
AAGCAGTTGCTCATGAGAATGTCGATGAGCCTGTAACATCCTCCA 
ATAGGAACAGCAGGTGTGGCCCTTGTGCTCG 


5950 




CGACATTCTCATGAGCA 


5951 




TGCTCATGAGAATGTCG 


5952 


Increased Starch 
ADPGPP 
Triticum aestivum 


TGACCCAGnCAACTCGGCCTCCCTTAATCGTCACATTCACCGCA 
CCTACCTCGGCGGGAATATCAAI 1 1 CACTGATGGATCCGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5953 


Gly143Asn 

^^^^ A A A ^F" 

GGA-AAT 


GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACGGATCC 

A P^'.^^ A ^^^^^ AAA ^^^^ >^ A M aWW*^^ a ^^^p« A .^^^^ ^^^^^ A A ^^^^^^^^ 

ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGTTGAACTGGGTCA 


5954 




CGGCGGGAATATCAATT 


5955 




AATTGATATTCCCGCCG 


5956 


Increased Starch 
ADPGPP 

Trifinum R^sitivum 


TGACCCAGTTCAACTCGGCCTCCCTTAATCGTCACATTCACCGCA 

CCTACCTCGGCGGGAAGATCAATTTCACTGATGGATCCGTTGAGG 

TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5957 



Gly143Asn 
25 GGA-AAC 
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, PfegROlype, Gene, 
Alteration 


r < ■ 


SEQID 


NO; 




GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACGGATCC 
ATCAGTGAAATTGATGTTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGTTGAACTGGGTCA 


5958 




CGGCGGGAAGATCAATT 


5959 




AATTGATGTTCCCGCCG 


5960 


Increased Starch 
ADPGPP 
Oryza sativa 


CCTCCCGAAAGAATTATGCTGATGCAAGCCACGTnCTGCTGTGA 

■n~nr/^/^/^T/^/^ a /^o/^ a a a a ^tt/^ a a otto i i i '^/^t/^t/^ a ^ a a 
1 1 1 1 b(jb 1 bbAbbUAAAbbAb 1 lOAAOIUI 1 1 ULrTO 1 bAOAAbUA 

caagggctacccccgctgttcctgttggagg 


5961 


Thr95Lys 

A /*\T" AAA 

ACT-AAA 


CCTCCAACAGGAACAGCGGGGGTAGCCCTTGTGCTTGTCAGAGG 

AAA A ^N"^^ri^ A A /^■X*^X/'\*T"'1'T"^^ /%^N"r/^^\ A i'X^X/^ AAA A*T"^N A ^\ A ^\^\ A AAA 

AAAGAGTTGAACTGGTTTGCCTCGAGGCAAAATGACAGCAGAAAG 
GTGGCTTGCATCAGCATAATTCTTTCGGGAGG 


5962 




TGGAGGCAAAGGAGTTC 


5963 




GAACTCCITTGCCTCCA 


5964 


Increased Starch 
ADPGPP 
Oryza sativa 


CAAGCACAAGGGCTAGCCCCGCTGTTCCTGTTGGAGGATGTTACA 
GGCTTATrGAGATCCTTATGAGCAATTGGTTGAATAGGGGAATAAA 
TAAAATATTTGTGATGAGTCAGTTGAATTG 


5965 


Pro123Leu 
CCT-CTT 


GAAI IGAACIGAGICAICACAAAIAI 1 IIAI 1 lAI ICCGCIA! IGAA 
GCAATTGCTCATAAGGATGTCAATAAGCGTGTAACATCCTGCAAGA 
GGAACAGCGGGGGTAGCCCTTGTGCTTG 


5966 




TGAGATGGTTATGAGGA 


5967 




TGCTCATAAGGATGTCA 


5968 


Increased Starch 
ADPGPP 
Oryza sativa 


tgactcagttcaattctgcttctcttaatcgccAtatccatcatac 

ATACCTTGGTGGGAATATCAAC 1 1 1 actgatgggtgtgtgcaggt 

attggctgctacacaaatgggtgacgaacc 


5969 


Gly158Asn 

A AT" 

GGG-AAT 


ggttggtgagggatttgtgtaggagggaataggtgcagagaggga 
tcagtaaagttgatattcccaccaaggtatgtatgatggatatggc 
gattaagagaagcagaattgaactgagtga 


5970 




tggtgggaatatcaact 


5971 




agttgatattcccacca 


5972 


Increased Starch 
ADPGPP 
Oryza sativa 


tgagtgagttcaattctgcttctcttaatgggcatatggatcatac 
atacgttggtgggaacatcaagtttagtgatgggtctgtggaggt 
attggctgctacacaaatgcctgacgaacc 


5973 


Gly158Asn 
GGG-AAC 


GG 1 1 CG 1 CAGGCA 1 II G 1 G 1 N30N3k^<^kk 1 AUC 1 GCACAGACCCA 
TCAGTAAAGTTGATGTTGCCACGAAGGTATGTATGATGGATATGGC 
GATTAAGAGAAGGAGAATTGAACTGAGTGA 


5974 




TGGTGGGAAGATGAAGT 


5975 




AGTTGATGTTGGGAGGA 


5976 
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AH^riag 01100$ 

■ 'X ^ ? 


'■■ SEQID 
NO- 


Increased Starch 

ADPbPr 

Thticum aestivum 


CCTTCCGCAGGAATTACGCCGATCCGAACGAGGTCGCGGCCGTC 
A 1 PiLf 1 LGbUbb 1 bbL/AAAbbbAU 1 UAbL- lull UL/L» IL> 1 OAUAAb 
CACAAGGGCCACACCTGCTGTTCCTATTGGAGG 


5977 


Thr99Lys 

A r^r^ AAA 

ACC-AAA 


CCTCCAATAGGAACAGCAGGTGTGGCCCTTGTGCTTGTGAGAGG 
GAAGAGCTGAGTCCCTT 1 GCCACCGCCGAGTATGACGGCCGCGA 
CCTCGTTCGGATCGGCGTAATTCCTGCGGAAGG 


5978 




CGGTGGCAAAGGGACTC 


5979 




gagtccchtgccaccg 


5980 


Increased Starch 
ADPGPP 
Triticum aestivum 


CAAGCACAAGGGCCACACCTGCTGTTCCTATTGGAGGATGTTACA 
GGCTCATCGATATTCTCATGAGCAACTGCTTCAATAGTGGCATCAA 
CAAGATATTCGTCATGACGCAGTTCAACTC 


5981 


Pro127Leu 
CCC-GTC 


GAGTTGAACTGCGTCATGACGAATATCTTGTTGATGCCACTATTGA 

AGCAGTTGCTCATGAGAATATCGATGAGCCTGTAACATCCTCCAA 

TAGGAACAGCAGGTGTGGCCCTTGTGCTTG 


5982 




CGATATTCICATGAGCA 


5983 




TGCTCATGAGAATATCG 


5984 


Increased Starch 

ADPbPP 

Thticum aestivum 


TGACGCAGTTCAACTCGGCCTCTCTTAATCGTCACATTCACCGCA 

UU 1 Abo 1 CbbbbbbAATA 1 OAA 1 1 1 bAb 1 bA 1 bbA 1 b 1 b 1 1 bAbb 

TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5985 


Gly162Asn 

/^/^ A A A"T" 

GGA-AAT 


GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACAGATCC 

ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGTGAATGTG 

ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 


5986 




cggcgggaatatcaatt 


5987 




AATTGATATTCCCGCCG 


5988 


Increased Starch 
ADPGPP 
Thticum aestivum 


tgacgcagttcaactcggcctctcttaatcgtcacattcaccgca 

r^r'T i^r^r^Tr^r^r^rr^r^r^ n A/^ATr>A ai i i /^Ar>T/^AT<^OATr^T/"*TT<^A/^/^ 
bb 1 Abb 1 bbbbbbbAAbA 1 bAA 1 1 1 bAb 1 bA 1 bbA 1 b 1 b 1 1 bAbb 

TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5989 


Gly162Asn 

/^y^ A A A 

GGA-AAC 


GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACAGATCC 

ATCAGTGAAATTGATGTTCCCGCCGAGGTAGGTGCGGTGAATGTG 

ACGATTAAGAGAGGCCGAGTTGAACTGCGTCA 


5990 




CGGCGGGAAGATCAATT 


5991 




AATTGATGTTCCCGCCG 


5992 


Increased Starch 
ADPGPP 
Zea mays 


CI 1 1 ICGGAGGAATTATGCTGATCCTAATGAAGTCGCTGCCGTCA 

1 1 1 1 ggg 1 gg 1 gg 1 aaagggac 1 cagc 1 1 11 ccctctcacaagca 
caagggccacccctgctgttcctattggagg 


5993 


Thr96Lys 
ACC-AAA 


CCTCCAATAGGAACAGCAGGGGTGGCCCTTGTGCTTGTGAGAGG 

GAAAAGCTGAGTCCCTTTACCACCACCCAAAATGACGGCAGCGAC 

TTCATTAGGATCAGCATAATTCCTCCGAAAAG 


5994 




TGGTGGTAAAGGGACTC 


5995 
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Pfieaotype, Gene, 
Pldii*& Targeted 
Alteration 






Alterittg Oiigos 


\ SEQfD 
MO: 




GAGTCCCrrrACCAGCA 


5996 


Increased Starch 
ADPGPP 
Zea mays 


CAAGCACAAGGGCCACCCCTGCTGTTCCTATTGGAGGATGTTAC 
GGCTTATTGATATCCTCATGAGCAACTGTTTCAACAGTGGCATAAi 
CAAGATATTTGTTATGACTCAGTTCAACTC 


A 5997 


Pro124Leu 


GAGI IGAACIGAGICAIAACAAAIAICI IGI 1 lAIGCCACIGI IG/ 

A A^" A^TT^r^TOAT^A/^/^ATATOA ATA A^^r'T/^TA AOATrT'TrT'A A 

AALAb 1 1 1 OA 1 bAbbA 1 A 1 UAA 1 AAbUL 1 b. 1 AAL/A 1 UU 1 UUAA 
AGGAACAGCAGGGGTGGCCCTTGTGCTTG 


^ 5998 

T 
1 




TGATATCCICATGAGCA 


5999 




TGCTCATGAGGATATCA 


6000 


Increased Starch 

AUrorr 

Zea mays 


TGACTCAGTTCAACTCAGCTTCTCTTAACCGTCACATTCATCGTA( 

U 1 A 1 U 1 1 oo 1 oooAA 1 A 1 UAAU 1 1 UAU 1 oA 1 ooA 1 O 1 U i 1 oAUVj 1 

GCTGGCTGCAACACAAATGCCTGGGGAGGC 


: 6001 


Gly159Asn 

A AT 


GCCTCCCCAGGCATTTGTGTTGCAGCCAGCACCTCAACAGATCC 

T/^ AOT/^ A AI^TT/^ ATATT/^/^/^A/^/^ A AO ATA*^OTA/^0 AT/^A AXOTO A 

TOAb 1 bAAbTTbATATTO00ACL.AAbATAbb 1 AUbA 1 bAA 1 b 1 b/J 
CGGTTAAGAGAAGCTGAGTTGAACTGAGTCA 


A 6002 

k 




TGGTGGGAATATCAACT 


6003 




AGTTGATATTCCCACCA 


6004 


increased Starch 
Zea mays 


TGACTCAGTTCAACTCAGCTTCTCTTAACCGTCACATTCATCGTAC 

OT ATPTTririTOPr' A A P ATP A A PTTP A PTP ATPiPi ATPT^^TTri A PtPil 

GCTGGCTGCAACACAAATGCCTGGGGAGGC 


: 6005 


Gly159Asn 


GCCTCCCCAGGCATTTGTGTTGCAGCCAGCACCTCAACAGATCC 
rCAb 1 bAAb 1 1 bA 1 GTTGuGAGLAAbA 1 Abb 1 AObA 1 bAATb 1 b/" 
CGGTTAAGAGAAGCTGAGTTGAACTGAGTCA 


A 6006 




TGGTGGGAACATCAACT 


6007 




AGTTGATGTTCCCACCA 


6008 


Increased Starch 

AUrorr 

Solanum tuberosum 


CTTGAGAGGCAAAAGAAGGGCGATGCAAGGACAGTAGTAGCAAT 

P ATTPTAPiPt APPPPr^A A A/^/^Pi A APTPriTPTTTTPPPPPTPAPPA 
UA Mo! AooAooovjUAmAoooAAU I Uo ! U 1 1 1 1 UUULrLr 1 OALrUA 

ACGTCGTGCTAAGCCTGCCGTTCCAATGGGAG 


6009 

A 
A 


Ala58Lys 


CICCCAI IGGAACGGCAGGCI lAGCACGACGI 1 IGGIGAGGGG( 

AAAA/^AO/^A OTT/^<^/^ 1 1 1 f^r^f^f^t^Tf^f^'T A^^/i h T/^ A TTO/^T A /^T A OT 

AAAAbACbAGTTCCO 1 1 1 OOCCCTCCTAGAATbATl bO rAOTACl 
TCCTTGCATCGCCCTTCI 1 1 IGCCTCTCAAG 


3 6010 

b 




GAGGGGGAAAGGGAACT 


6011 




AGTTCCCTTTCCCCCTC 


6012 


Increased Starch 
ADPGPP 

Solanum tuberosum 


CCAAACGTCGTGCTAAGCCTGCCGTTCCAATGGGAGGAGCATAT 
GGCTAATTGATGTACTAATGAGCAACTGTATTAACAGTGGCATCA 
CAAAGTATACATTCTCACTCAATTCAACTC 


A 6013 
A 


Pro86Leu 
CCA-CTA 


GAGI IGAAIIGAGIGAGAAIGIAIACI 1 IGI IGAIGCCACIGI lAy 
TACAGTTGCTCATTAGTACATCAATTAGCCTATATGCTCCTCCCA1 
TGGAACGGCAGGCTTAGCACGACGI 1 IGG 


\ 6014 

r 
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PfteBotype, Gene, 




; Altering Oligo5 








SEQ© 

Nd: < 














TGA1 


GTACIAATG AG OA 


6015 


TGC1 


rCATTAGTACATCA 


6016 


Increased Starch CTC^ 
ADPGPP CAAC 
Solanum tuberosum CUP 


\attcaactcagcctcacttaacaggcatatagctcgtgctta 
:tttggcaataatgtcacattcgagagtggctatgtcgaggt 
^gcagcaactcaaacaccaggtgaatt 


6017 


Gly122Asn AATT 
GGG-AAT CTC1 

GCC- 


cacctggtgtttgagttgctgctaagacctcgacatagcca 
rcgaatgtgacattattgccaaagttgtaagcacgagctatat 

FGTTAAGTGAGGCTGAGTTGAATTGAG 


6016 


TGG( 


^AATAATGTCACAT 


6019 


ATGl 


rGACATTATTGCCA 


6020 


Increased Starch CTO 
ADPGPP CAAC 
Solanum tuberosum CTT/ 


\attcaactcagcctcacttaacaggcatatagctcgtgctta 
:tttggcaataacgtcacattcgagagtggctatgtcgaggt 
^gcagcaactcaaacaccaggtgaatt 


6021 


Gly122Asn AATf 
GGG-AAC CTC1 

GCC 


cacctggtgtttgagttgctgctaagacctcgacatagcca 
rcgaatgtgacgttattgccaaagttgtaagcacgagctatat 

TGTTAAGTGAGGCTGAGTTGAATTGAG 


6022 


TGG( 


<-\ A A "T" a m ^%^%"T*/^ A A T" 

3AATAACGTCACAT 


6023 


ATGl 


rGACGTTATTGCCA 


6024 


Increased Starch TATT 
ADPGPP GCT( 
Beta vulgaris GGA 


TGAATCTCCAAAAGCTGACCCAAAAAATGTGGCTGGAATTGT 
3GGTGGTGGTAAAGGGACTCGCCTCI 1 1 CCTCTTACTAGCA 
GAGCTAAGCCAGCAGTGCCAATTGGAGG 


6025 


AIa98Lys CCT( 

/^/^T AAA A A 

GCT-AAA AAGy 

II II 


:CAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 
\GGCGAGTCCCTnACCACCACCCAGCACAATTGCAGCCACA 
1 IGGGIGAGCi 1 1 IGGAGATTCAAATA 


6026 


TGG- 


rCGTAAAGGGACTC 


6027 


GAG' 


rCCCTTTACCACCA 


6028 


Increased Starch TATT 

ADPGPP GCT( 
Beta vulgaris GGA 


TGAATCTCCAAAAGCTGACCCAAAAAATGTGGCTGCAATTGT 

3GGTGGTGGTAACGGGACTCGCCTCTTTCCTCTTACTAGCA 

GAGCTAAGCCAGCAGTGCCAATTGGAGG 


6029 


Ala98Lys CCT( 
GCT-AAC AAGy 

Al 1 1 


:CAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 
\GGCGAGTCCCGTTACCACCACCCAGCACAATTGCAGCCAC 
1 1 IGGGIGAGCI 1 1 IGGAGATTCAAATA 


6030 


TGG" 


FGGTAACGGGACTC 


6031 


GAG- 


rCCCGTTACCACCA 


6032 


Increased Starch CTAC 
ADPGPP AGG 

Rata viilnahs AdAi 


3CAGGAGAGCTAAGCCAGCAGTGCCAATTGGAGGGTGTTAC 
CTGATTGATGTGCTTATGAGCAACTGCATCAACAGTGGCATT 
\AGAI 1 1 rCATTCTTACCCAGTTCAATTC 


6033 



Pro126Leu 
CCT-CTT 
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Pfienotype, Gene, 

riant Ot J aiGf^ICU 


Mtx^ring wiic^q^ 


SEQiD 

MO: 




Alteration 








GAATTGAACTGGGTAAGAATGAAAATCTTTCTAATGCCACTGTTGA 
TGCAGTTGCTCATAAGCACATCAATCAGCCTGTAACACCCTCCAA 
TTGGCACTGCTGGCTTAGCTCTCCTGCTAG 


6034 




TGATGTGCTTATGAGCA 


6035 




TGCTCATAAGCACATCA 


6036 


Increased Starch 
ADPGPP 
Beta vulgaris 


CCCAGTTCAAI ICGI 1 1 1 CGCTTAATCGTCATCTTGCTCGAACCTA 
TAAl 1 1 IGGAGAIAATUKiAAl 1 1 1 GGGGATGGCTTTGTGGAGGTT 
1 1 1 GC 1 GC 1 ACACAAACACCTGGAGAATC 


6037 


Gly162Asn 
GGT-AAT 


GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 
TCCCCAAAATTCACATTATCTCCAAAATTATAGGTTCGAGCAAGAT 
GACGATTAAGCGAAAACGAATTGAACTGGG 


6038 




TGGAGATAATGTGAATT 


6039 




AATTCACATTATCTCCA 


6040 


Increased Starch 
ADPGPP 
Beta vulgaris 


CCCAGTTCAAI 1 CGI 1 1 1 CGCTTAATCGTCATCTTGCTCGAACCTA 
TAAl 1 1 IGGAGAIAACGIGAAI 1 1 IGGGGAIUUUI 1 iGTGGAGGT 
TTTTGCTGCTACACAAACACCTGGAGAATC 


6041 


Gly162Asn 
GGT-AAC 


GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 
TCCCCAAAATTCACGTTATCTCCAAAATTATAGGTTCGAGCAAGAT 
GACGATTAAGCGAAAACGAATTGAACTGGG 


6042 




TGGAGATAACGTGAATT 


6043 




AATTCACGTTATCTCCA 


6044 
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Table 21 

Oligonucleotides to produce plants with waxy starch 



5 


Pheootype, Sene, 
Afteration . . 


Altering Oligos 


SEOID 
NO: 




Waxy starch 
GBSS 

Arabidopsis thaliana 


GAATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTC 
TTCTAACTTTGTGTGAAGAACTTCACI 1 1 1 CAACAATCATGGTGCTT 
CTTCATGCTCTGATGTCGCTCAGATTAC 


6045 


10 


Ser12Term 
TCA-TGA 


GTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGATTGTTGA 
AAAGTGAAGTTCTTCACACAAAGTTAGAAGAAGCAGTCACAGTTGC 

r'ATTATf2AAPTAPPPr5TTTAPPTr5f5ATTP 
\^r\ 1 1 rtl \3rv\\j 1 AOOvr/0 1 1 1 n\j\j 1 v30r\ 1 1 \j 


6046 






CTTTGTGTGAAGAACTT 


6047 






AAGTTCTTCACACAAAG 


6048 




Waxy starch 
GBSS 

Arabidopsis tlialiana 


ATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTT 
CTAAC 1 1 1 G 1 G 1 CATGAAC 1 1 CAC 1 1 1 1 CAACAATCATGGTGCTTCT 
TCATGCTCTGATGTCGCTCAGATTACCT 


6049 


15 


ArglSTerm 
AGA-TGA 


AGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGATTGTT 
GAAAAGTGAAGTTCATGACACAAAGTTAGAAGAAGCAGTCACAGTT 


6050 






TTGTGTCAIGAACTTCA 


6051 






TGAAGTTCATGACACAA 


6052 




Waxy starch 
GBSS 

Arabidopsis tiiallana 


TAAACGGGTAGTTCATAATGGCAACTGTGACTGCTTCTTCTAACTT 
TGTGTCAAGAACTTGACI 1 1 1 CAACAATCATGGTGCTTCTTCATGCT 
CTGATGTCGCTCAGATTACCTTAAAAGG 


6053 


20 


SerlSTerm 
TCA-TGA 


CCTTTTAAGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCAT 
GATTGTTGAAAAGTCAAGTTCTTGACACAAAGTTAGAAGAAGCAGT 

PAPAfSTT/^PPATTATfSAAPTAPPPriTTTA 


6054 






AAGAACTTGACTTTTCA 


6055 






TGAAAAGTCAAGTTCTT 


6056 




Waxy starch 
GBSS 

Arabidopsis ttialiana 


IGACIGCI ICI ICIAACI 1 1 G 1 G 1 CAAGAAC 1 ICACI 1 1 ICAACAAI 
CATGGTGCTTCTTGATGCTCTGATGTCGCTCAGATTACCTTAAAAG 
GCCAATCCTTGACTCATTGTGGGTTAAG 


6057 


25 


Ser24Term 
TCA-TGA 


CTIAACCCACAATGAGICAAGGAI IGGCCI 1 1 lAAGGI AAICIGAG 
CGACATCAGAGCATCAAGAAGCACCATGATTGTTGAAAAGTGAAGT 
TCTTGACACAAAGTTAGAAGAAGCAGTCA 


6058 






TGCTTCTTGATGCTCTG 


6059 






CAGAGCATCAAGAAGCA 


6060 
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Pbenot^e, Gene, 
Plattf^t Targeted 


.. . : : J Alt0i1«BOItgo$ 


SEQID 
NO: 








Waxy starch 
GBSS 

Arabidopsis thaliana 


TGC"I "1 C 1 1 C 1 AAC 1 1 1 G 1 G 1 CAAGAAC 1 1 CACTTTTCAACAATCATG 
GTGCTTCTTCATGATCTGATGTCGCTCAGATTACCTTAAAAGGCCA 
ATCCTTGACTCATTGTGGGTTAAGGTCA 


6061 


Cys25Term 
TGC-TGA 


TGACCTTAACCCACAATGAGTCAAGGATTGGCCTTTTAAGGTAATC 

TGAGCGACATCAGATCATGAAGAAGCACCATGATTGTTGAAAAGTG 

AAGTTCTTGACACAAAGTTAGAAGAAGCA 


6062 




TCTTCATGATCTGATGT 


6063 




ACATCAGATCATGAAGA 


6064 


Waxy starch 
GBSS 

Antirrhinum majus 


GTAACAGCTTCACAGTTGGTGTCACATGTCCATGGTGGAGCAACG 
TCTTCACCGGATACTTAAACAAACTTGGCCCAGGTTGGCCTCAGG 
AACCAGCAATTCACTCACAATGGGTTGAGAT 


6065 


Lys24Term 
AAA-TAA 


ATCTCAACCCATTGTGAGTGAATTGCTGGTTCCTGAGGCCAACCT 
GGGCCAAGTTTG 1 1 1 AAGTATCCGGTGAAGACGTTGCTCCACCAT 
GGACATGTGACACCAACTGTGAAGCTGTTAC 


6066 




CGGATACTTAAACAAAC 


6067 




GTTTGTTTAAGTATCCG 


6068 


Waxy starch 

GR99 

Antirrhinum majus 


CACAGTTGGTGTCACATGTCCATGGTGGAGCAACGTCTTCACCGG 
ATACTAAAACAAACTAGGCCCAGGTTGGCCTCAGGAACCAGCAAT 
TCACTCACAATGGGTTGAGATCAATAAACAT 


6069 


Leu27Term 
TTG-TAG 


ATGTTTATTGATCTCAACCCATTGTGAGTGAATTGCTGGTTCCTGA 
GGCCAACCTGGGCCTAGTTTGTTTTAGTATCCGGTGAAGACGTTG 
CTCCACCATGGACATGTGACACCAACTGTG 


6070 




AACAAACTAGGCCCAGG 


6071 




CCTGGGCCIAGTTTGTT 


6072 


Waxy starch 
GBSS 

Antirrhinum majus 


TTGGTGTCACATGTCCATGGTGGAGCAACGTCTTCACCGGATACT 
AAAACAAACTTGGCCTAGGTTGGCCTCAGGAACCAGCAATTCACT 
CACAATGGGTTGAGATCAATAAACATGGTTG 


6073 


Gln29Term 
CAG-TAG 


CAACCATGTTTATTGATCTCAACCCATTGTGAGTGAATTGCTGGTT 
CCTGAGGCCAACCTAGGCCAAGTTTG 1 1 1 1 AGTATCCGGTGAAGA 
CGTTGCTCCACCATGGACATGTGACACCAA 


6074 




ACTTGGCCIAGGTTGGC 


.6075 




GCCAACCTAGGCCAAGT 


6076 


Waxy starch 
GBSS 

Antinliinum majus 


GGTGGAGCAACGTCTTCACCGGATACTAAAACAAAGTTGGCCCAG 

GTTGGCCTCAGGAACTAGCAATTCACTCACAATGGGTTGAGATCAA 

TAAACATGGTTGATAAGCTTCAAATGAGGA 


6077 


Gln35Term 
CAG-TAG 


ICCICAI 1 IGAAGCI 1 A 1 CAACCATGTTOTTGATCTCAACCCATTG 
TGAGTGAATTGCTAGTTCCTGAGGCCAACCTGGGCCAAGTTTGTT 
. TTAGTATCCGGTGAAGACGTTGCTCCACC 


6078 
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Plaiti^ Targeted 
Alteration 




ilHll 




TCAGGAACTAGCAATTC 


6079 




GAATTGCTAGTTCCTGA 


6080 


Waxy starch 
GBSS 

Antirrhinum majus 


GGAGCAACGTCTTCACCGGATACTAAAACAAACTTGGCCCAGGTT 

GGCCTCAGGAACCAGTAATTCACTCACAATGGGTTGAGATCAATAA 

ACATGGTTGATAAGCTTCAAATGAGGAACA 


6081 


Gln36Term 
CAA-TAA 


TGTTCCTCATTTGAAGCTTATCAACCATGTTTATTGATCTCAACCCA 
TTGTGAGTGAATTACTGGTTCCTGAGGCCAACCTGGGCCAAGTTT 
GIN lAGTATCCGGTGAAGACGTTGCTCC 


6082 




GGAACCAGIAATTCACT 


6083 




AGTGAATTACTGGTTCC 


6084 


Waxy starch 
GBSS 

Ipomoea batatas 


GTGATGGCGACTATAACTGCCTCACACI 1 IGI 1 1 C 1 CATGTCTGTG 
GGGGTGCCACTTCTTGAGAATCAAAAGTGGGGTTGGGTCAATTAG 
CCCTGAGGAGCCAAGCTGTGACTCACAATG 


6085 


Gly20Term 
GGA-TGA 


CATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCAACC 
CCAC 1 IT i GATTCTCAAGAAGTGGCACCCCCACAGACATGAGAAA 
CAAAGTGTGAGGCAGTTATAGTCGCCATCAC 


6086 




CCACTTCTIGAGAATCA 


6087 




TGATTCTCAAGAAGTGG 


6088 


Waxy starch 
GBSS 

Ipomoea batatas 


AIGGCGACIAIAACIGCCICACACI 1 IGI 1 ICI GAIGI CIGrGGGG 

GTGCCACTTCTGGATAATCAAAAGTGGGGTTGGGTCAATTAGCCC 

TGAGGAGCCAAGCTGTGACTCACAATGGGT 


6089 


Glu21Term 
GAA-TAA 


ACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCA 
ACCCCAC 1 1 1 1 GATTATCCAGAAGTGGCACCCCCACAGACATGAG 
AAACAAAGTGTGAGGCAGTTATAGTCGCCAT 


6090 




CTTCTGGAIAATCAAAA 


6091 




1 1 1 lUAl lAIUUAUAAU 


6092 


Waxy starch 

ODOO 

Ipomoea batatas 


CGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGGGTGC 
rArTTrTnnAGAATRAAAAGTGGGGTTGGGTnAATTAGnnnTGAR 

GAGCCAAGCTGTGACTCACAATGGGTTGAG 


6093 


Ser22Term 
TCA-TGA 


ctcaacccattgtgagtcacagcttggctcctcagggctaattga 
cccaaccccaci 1 1 1 cattctccagaagtggcacccccacagaca 
tgagaaacaaagtgtgaggcag™tagtcg 


6094 




TGGAGAATGAAAAGTGG 


6095 




CCACI 1 1 ICAI ICICCA 


6096 
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Pfienotype, 


Altering OItg0.$^ ^ 5 


SiQiD 

ilBii 




Waxy starch 

ODOO 

Ipomoea batatas 


ACIAIAACIGCCICACACI 1 IGI 1 ICICAIGICIGIGGGGGIGCCA 
GCCAAGCTGTGACTCACMTGGGTTGAGAC 


6097 


5 


Lys23Term 
AAA-TAA 


GTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATT 
CATGAGAAACAAAGTGTGAGGCAGTTATAGT 


6098 






GAGAATCAIAAGTGGGG 


6099 






CCCCACTTATGATTCTC 


6100 




Waxy starch 

ODOO 

Ipomoea batatas 


CCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCACTTCTGGAGA 
ATPAAAARTRfifiriTAGGGTrAATTARnrrTGAGGAGnnAARnTRT 
GACTCACAATGGGTTGAGACCTGTGAACAA 


6101 


10 


Leu26Term 
TTG-TAG 


TTGTTCACAGGTCTCAACCCATTGTGAGTCACAGCTTGGCTCCTCA 

GGGCTAATTGACCCTACCCCACTTTTGATTCTCCAGAAGTGGCAC 

CCCCACAGACATGAGAAACAAAGTGTGAGG 


6102 






AGTGGGGTAGGGTCAAT 


6103 






ATTGACCCIACCCCACT 


6104 




Waxy starch 

ODOO 

Astragalus 


CATCGGCGATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAAC 
RttTfiArRfiRRTrTTAPiriTriRTriTrRARAAfipnrriTRrTTrAATTr 

OO 1 vSMV^OOOO 1 O 1 1 1 1 U 1 OOMV3Mr\U\,^OwO 1 1 1 V^/-\r\ 1 1 \j 

CCAGGGAAGAACAGAAGCCAAAGTGAATTCA 


6105 


15 


membranaeus 

TvrftTprm 
TAT-TAG 


IGAAI ICACI 1 IGGCI ICIGI ICI ICCCIGGGAAI IGAAGCACGCG 
rTTrTrf5ArArrArnTAARArrrnfiTnArrfiTTRrnATTnTfiTGA 

GAGAGCAGTAAGGAGCAACAATCGCCGATG 


6106 






GGGTCTTAGGTGGTGTC 


6107 






GACACCACCTAAGACCC 


6108 




Waxy starch 

ouoo 

Astragalus 


ATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAACGGTGACGG 

oriTPTT ATPTr^riXr^T A A A A Pr^Tr^ PTTP A ATTPf'P Afif^rS A A 
vJO 1 U 1 1 M 1 o 1 1 O 1 AoAorvAoLrvjUo 1 oLr 1 1 Ur\r\ i 1 UOUMoovjMM 

GAACAGAAGCCAAAGTGAATTCACCTCAGAA 


6109 


20 


membranaeus 

SerllTerm 

TCG-TAG 


TTCTGAGGTGAATTCACTTTGGCTTCTGTTCTTCCCTGGGAATTGA 
AGCACGCGCTTCTCTACACCACATAAGACCCCGTCACCGTTGCCA 
TTCTGTGAGAGAGCAGTAAGGAGCAACAAT 


6110 






TGTGGTGTAGAGAAGCG 


6111 






CGCTTCTCIACACCACA 


6112 



wo 01/92512 
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PCT/USOl/17672 



.i^motjfp^ Gene, 
'Pfem&T&'geted 
Alteration ^ 


Altering Oltgo$ ' ,J 




Waxy starch 

GBSS 

Astragalus 


TGTTGCTCCTTACTGCTCTCTCACAGAATGGCAACGGTGACGGGG 
TCTTATGTGGTGTCGIGAAGCGCGTGCTTCAATTCCCAGGGAAGA 
ACAGAAGCCAAAGTGAATTCACCTCAGAAGA 


6113 


membranaeus 

Arg12Term 

AGA-TGA 


ICI ICIGAGGIGAAI ICACI 1 IGGCI ICIGI ICI lUCCIGGGAAlT 

GAAGCACGCGCTTCACGACACCACATAAGACCCCGTCACCGTTGC 

CATTCTGTGAGAGAGCAGTAAGGAGCAACA 


6114 




TGGTGTCGIGAAGCGCG 


6115 




CGCGCTTCACGACACCA 


6116 


Waxy starch 

GBSS 

Astragalus 


ACTGCTCTCTCACAGAATGGCAACGGTGACGGGGTCTTATGTGGT 
GTCGAGAAGCGCGTGATTCAATTCCCAGGGAAGAACAGAAGCCAA 
AGTGAATTCACCTCAGAAGATAAATCTCAAT 


6117 


membranaeus 

Cys15Term 

TGC-TGA 


ATTGAGATTTATCTTCTGAGGTGAATTCACTTTGGCTTCTGTTCTTC 
CCTGGGAATTGAATCACGCGCTTCTCGACACCACATAAGACCCCG 
TCACCGTTGCCATTCTGTGAGAGAGCAGT 


6118 




AGCGCGTGATTCAATTC 


6119 




GAATTGAATCACGCGCT 


6120 


Waxy starch 

GBSS 

Astragalus 


CACAGAATGGCAACGGTGACGGGGTCTTATGTGGTGTCGAGAAGC 

GCGTGCTTCAATTCCTAGGGAAGAACAGAAGCCAAAGTGAATTCA 

CCTCAGAAGATAAATCTCAATAGCCAAGCAT 


6121 


membranaeus 

Gln19Term 

CAG-TAG 


AIGCI rGGCIAI IGAGAI 1 lAICI ICTGAGGIGAAI ICACI 1 IGGCI 
TCTGTTCTTCCCTAGGAATTGAAGCACGCGCTTCTCGACACCACAT 
AAGACCCCGTCACCGTTGCCATTCTGTG 


6122 




TCAATTCCIAGGGAAGA 


6123 




TCTTCCCTAGGAATTGA 


6124 


Waxy starch 
GBSS 

Solanum tuberosum 


IGIAGCTIGGIAGAI ICCCCI 1 1 1 1 G 1 AGACCACACA 1 CACATGGC 
AAGCATCACAGCTTGACACCAC 1 1 1 GTGTCAAGAAGCCAAACTTCA 
CTAGACACCAAATCAACCTTGTCACAGAT 


6125 


Ser7Term 
TCA-TGA 


ATCTGTGACAAGGTTGATTTGGTGTCTAGTGAAGTTTGGCTTCTTG 
ACACAAAGTGGTGTCAAGCTGTGATGCTTGCCATGTGATGTGTGG 
TCTACAAAAAGGGGAATCTACCAAGCTAGA 


6126 




CACAGCTTGACACCACT 


6127 




AGTGGTGTCAAGCTGTG 


6128 


Waxy starch 
GBSS 

Solanum tuberosum 


TCCCCTTTTTGTAGACCACACATCACATGGCAAGGATCACAGCTTC 
ACACGACTTTGTGTGAAGAAGCCAAACTTCACTAGACACCAAATCA 
ACCnGTCACAGATAGGACTCAGGAACCA 


6129 . 


Ser12Term 
TCA-TGA 


TGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGTGTCTAGTG 
AAGTTTGGCTTCTTCACACAAAGTGGTGTGAAGCTGTGATGCTTGG 
. CATGTGATGTGTGGTCTACAAAAAGGGGA 


6130 



wo 01/92512 
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PCT/USOl/17672 





, Ptienoiype, Gene, 
Pl^iti^Et Targeted 


Altering OKgo$ 


SEOID 
NO: 




( 


Jl 1 IGIGIGAAGAAGCC 


6131 




/ 

K 


joU MUM UALrALrAAAo 


0 1 Oc. 




Waxy starch ( 
GBSS / 
Solanum tuberosum ( 


DCC 1 1 1 1 1 GTAGACCACACATCACATGGCAAGCATCACAGCTTCAC 
\CCACTTTGTGTCATGAAGCCAAACTTCACTAGACACCAAATCAAC 
DTTGTCACAGATAGGACTCAGGAACCATA 


b1 OO 


5 


ArgiSTerm 
AGA-TGA 

( 


rATGGTTCClGAGICCIAICIGlGACAAGGI IGAI 1 IGGIGICIAG 

rGAAGTTTGGCTTCATGACACAAAGTGGTGTGAAGCTGTGATGCTT 

3CCATGTGATGTGTGGTCTACAAAAAGGG 


6134 






ITGTGTCAIGAAGCCAA 


6135 






1 1 bbO 1 1 LrA 1 bAUAUAA 


0 1 00 




Waxy starch 
GBSS 

Solanum tuberosum > 


rTGTAGACCACACATCACATGGCAAGCATCACAGCTTCACACCACT 

rTGTGTCAAGAAGCTAAACTTCACTAGACACCAAATCAACCTTGTC 

^CAGATAGGACTCAGGAACCATACTCTGA 


6137 


10 


Gln15Term 

CAA-TAA 1 

i 


rCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGT 
3TCTAGTGAAGI 1 1 AGCTTCTTGACACAAAGTGGTGTGAAGCTGTG 
MGCTTGCCATGTGATGTGTGGTCTACAA 


6138 




( 


DAAGAAGCTAAACTTCA 


6139 






1 bAAb 1 1 1 Abo M U M b 


0 l*rU 




Waxy starch 
GBSS 

Solanum tuberosum 


CCACACATCACATGGCAAGCATCACAGCTTCACACCAC 1 1 1 GTGTC 
A^GAAGCCAAACTTGACTAGACACCAAATCAACCTTGTCACAGATA 
GGACTCAGGAACCATACTCTGACTCACAA 


Ol41 


15 


Ser17Term 
TCA-TGA 


TTGTGAGTCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGTTG 
ATTTGGTGTCTAGTCAAGTTTGGCTTCTTGACACAAAGTGGTGTGA 
AGCTGTGATGCTTGCCATGTGATGTGTGG 


6142 






CCAAACTTGACTAGACA 


6143 






I b 1 Lr 1 Ab 1 UAAb 1 1 1 bb 


D I HH- 




Waxy starch 
GBSS 

Pisum sativum 


GTCGATCACTCTTCTCTCACCGCCGAAACAGA I I I I GACACAAAAA 
TGGCAACAATAACGTGATCTTCAATGCCGACGAGAACCGCGTGCT 
TCAATTACCAAGGAAGATCAGCAGAGTCTA 


e-f VIC 

6145 


20 


Gly6Term 
GGA-TGA 


TAGACTCTGCTGATCTTCCTTGGTAATTGAAGCACGCGGTTCTCGT 
CGGCATTGAAGATCACGTTATTGTTGCCAI 1 1 1 1 GTGTCAAAATCT 
GTTTCGGCGGTGAGAGAAGAGTGATCGAC 


6146 






CAATAACGIGATCTTCA 


6147 






TGAAGATCACGTTATTG 


6148 
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PCT/USOl/17672 



Pftenotype, Gene, 


AlteriilgOltgO^i 


SEQID 








Waxy starch 
GBSS 

Pisum sativum 


ACTCTTCTCTCACCGCCGAAACAGATTTTGACACAAAAATGGCMC 
AATAACGGGATCTTGAATGCCGACGAGAACCGCGTGCTTCAATTA 
CCAAGGAAGATCAGCAGAGTCTAAACTGAA 


6149 


SerSTerm 
TCA-TGA 


TTCAGTTTAGACTCTGCTGATCTTCCTTGGTAATTGAAGCACGCGG 
TTCTCGTCGGCATTCAAGATCCCGTTATTGTTGCCAI 1 1 1 IGTGTC 
AAAATCTGTTTCGGCGGTGAGAGAAGAGT 


6150 




GGGATCTTGAATGCCGA 


6151 




TCGGCATTCAAGATCCC 


6152 


Waxy starch 
GBSS 

Pisum sativum 


ACCGCCGAAACAGATTTTGACACAAAAATGGCAACAATAACGGGAT 

CTTCAATGCCGACGTGAACCGCGTGCTTCAATTACCAAGGAAGAT 

CAGCAGAGTCTAAACTGAATTTGCCTCAGA 


6153 


Arg12Term 
AGA-TGA 


TCTGAGGCAAATTCAGTTTAGACTCTGCTGATCTTCCTTGGTAATT 
GAAGCACGCGGTTCACGTCGGCATTGAAGATCCCGTTATTGTTGC 
CAI 1 1 1 IGTGTCAAAATCTGTTTCGGCGGT 


6154 




TGCCGACGTCAACCGCG 


6155 




CGCGGTTCACGTCGGCA 


6156 


Waxy starch 
GBSS 

Pisum sativum 


AGATTTTGACACAAAAATGGCAACAATAACGGGATCTTCAATGCCG 
ACGAGAACCGCGTGATTCAATTACCAAGGAAGATCAGCAGAGTCT 
AAACTGAATTTGCCTCAGATACACTTCAAT 


6157 


Cys15Term 
TGC-TGA 


ATTGAAGTGTATCTGAGGCAAATTCAGTTTAGACTCTGCTGATCTT 
CCTTGGTAATTGAATCACGCGGTTCTCGTCGGCATTGAAGATCCC 
GnATTGTTGCCAl 1 1 1 1 GTGTCAAAATCT 


6158 




ACCGCGTGATTCAATTA 


6159 




TAATTGAATCACGCGGT 


6160 


Waxy starch 
GBSS 

Pisum sativum 


CACAAAAATGGCAACAATAACGGGATCTTCAATGCCGACGAGAAC 

CGCGTGCTTCAATTAGCAAGGAAGATCAGCAGAGTCTAAACTGAAT 

TTGCCTCAGATACACTTCAATAACAACCAA 


6161 


Tyr18Term 
TAC-TAG 


1 IGGI IGI lAI IGAAGIGIAICIGAGGCAAAI ICAGI 1 lAGACTCTG 
GTGATCTTCCTTGCTAATTGAAGCACGCGGTTCTCGTCGGCATTGA 
AGATCCCG™TTGTTGCCAI 1 1 1 I GTG 


6162 




TTCAATTAGCAAGGAAG 


6163 




CTTCCTTGCTAATTGAA 


6164 


Waxy starch 
GBSS 

Manihot esculenta 


TCTACACCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACATT 
TCGTTTCCAGGAGCTGACACTTGAGCATCCATGCATTAGAGACTAA 
GGCTAATAAI 1 1 GTCTCACACTGGACCCTG 


6165 


Ser14Term 
TCA-TGA 


CAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTCTCTAATGGAT 
GGATGCTCAAGTGTCAGCTCCTGGAAACGAAATGTGCAGCTATTA 
CAGTTGCCATGGTGCTCTCTCCGGTGTAGA 


6166 
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PCT/USOl/17672 



" Plartt& Targeted 
Alteration 


Altering OltgO^ V 

1 *. 


NO: 




CAGGAGCTGACACTTGA 


6167 




TCAAGTGTCAGCTCCTG 


6168 


Waxy starch 
GBSS 

Manihot esculenta 


CCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACATTTCGTTT 
CCAGGAGCTCACACTAGAGCATCCATGCATTAGAGACTAAGGCTA 
ATAATTTGTCTCACACTGGACCCTGGACCCA 


6169 


Leu16Term 
TTG-TAG 


tgggtccagggtccagtgtgagacaaa™™gccttagtctcta 

ATGCATGGATGCTCTAGTGTGAGCTCCTGGAAACGAAATGTGCAG 
CTATTACAGTTGCCATGGTGGTCTCTCCGG 


6170 




CTCACACTAGAGCATCC 


6171 




ggatgctciagtgtgag 


6172 


Waxy starch 
GBSS 

Manihot esculenta 


tggcaactgiaatagcigcaca] 1 icg 1 1 1 ccaggagc 1 cacao 1 1 
gagcatccatgcatgagagactaaggctaataatttgtctcacact 
ggaccctggacccaaactatcactcccaa 


6173 


Leu21Term 
TTA-TGA 


1 1 GGGAG 1 GA 1 AG 1 1 1 GGG 1 CCAGGG 1 CCAGTG 1 GAGACAAATIA 

TTAGCCTTAGTCTCTCATGCATGGATGCTCAAGTGTGAGCTCCTGG 

AAACGAAATGTGCAGCTATTACAGTTGCCA 


6174 




CCATGCATGAGAGACTA 


6175 




TAGTCTCTCATGCATGG 


6176 


Waxy starch 
GBSS 

Manihot escuienta 


GCAACTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGA 

GCATCCATGCATTATAGACTAAGGCTAATAATTTGTCTCACACTGG 

ACCCTGGACCCAAACTATCACTCCCAATG 


6177 


Glu22Term 
GAG-TAG 


CATTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAAT 
TATTAGCCTTAGTCTATAATGCATGGATGCTCAAGTGTGAGCTCCT 
GGAAACGAAATGTGCAGCTATTACAGTTGC 


6178 




ATGCATTAIAGACTAAG 


6179 




CTTAGTCTATAATGCAT 


6180 


Waxy starch 

V_jUOO 

Manihot esculenta 


GTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGAGCATCC 
ATRrATTAnARArTTARPJCTAATAATTTRTCTnACAnTRGACCCTG 
GACCCAAACTATCACTCCCAATGGTTTAA 


6181 


Lys24Term 
AAG-TAG 


ttaaaccattgggagtgatagtttgggtccagggtccagtgtgag 
acaaatta™gcctaagtctctaatgcatggatgctcaagtgtga 
gctcctggaaacgaaatgtgcagctattac 


6182 




TAGAGACTIAGGCTAAT 


6183 




ATTAGCCTAAGTCTCTA 


6184 
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Pfeetiotype, Gene, 






' Plants Targeted 
Alterations .y.- 


Altering Olig0$ 


; mi 


Waxy starch 
GBSS 

Phaseolus wigaris 


ACAACTCCTCCGTCACCGGTATAAGCATGGCAACGGTATCGATG 
CATCGTGCGTGGCGTGAAAAGGCGCGTGGAGTACAGAGACAAA 
GTGAAATCTTCGGGTCAGATGAGCCTGAACCG 


G 6185 
A 


Ser12Term 
TCA-TGA 


CGGITCAGGCiCATCTGACCCGAAGA 1 1 1 CAC 1 1 1 1 G 1 C 1 C 1 G 1 / 
TCCACGCGCCI 1 1 1 CACGCCACGCACGATGCCATCGATACCGTI 
CCATGCTTATACCGGTGACGGAGGAGTTGT 


*.C 6186 
G 




CGTGGCGTGAAAAGGCG 


6187 






D JOO 


Waxy starch 
GBSS 

Phaseolus vulgaris 


CACCGGTATAAGCATGGCAACGGTATCGATGGCATCGTGCGTG( 
GTCAAAAGGCGCGTGAAGTACAGAGACAAAAGTGAAATCTTCGG 
TCAGATGAGCCTGAACCGTCATGAATTGAAA 


jC 61 89 
5G 


Trp16Term 
TGG-TGA 


TTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAGATTTCAC 
TTTGTCTCTGTACTTCACGCGCCI 1 1 1 GACGCCACGCACGATGC 
ATCGATACCGTTGCCATGCTTATACCGGTG 


:T 6190 
C 




GGCGCGTGAAGTACAGA 


6191 




TCTGTACTTCACGCGCG 




Waxy starch 
GBSS 

Phaseolus vulgaris 


ATAAGCATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAy 
GGCGCGTGGAGTACATAGACAAAAGTGAAATCTTCGGGTCAGA1 
AGCCTGAACCGTCATGAATTGAAATACGATG 


\A 6193 
"G 


Glu19Term 
GAG-TAG 


GATCGTATTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAC 
TTTCAC 1 1 1 1 G 1 C 1 A 1 G 1 AC 1 CCACGCGCC 1 1 1 1 GACGCCACGO 
GATGCCATCGATACCGTTGCCATGCTTAT 


3A 6194 
\C 




GGAGTACAIAGACAAAA 


6195 




1 1 1 IblOIAIblAUIOLr 


uiyo 


Waxy starch 
GBSS 

Phaseolus vulgaris 


ATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAAAGGCG 
GTGGAGTACAGAGACATAAGTGAAATCTTCGGGTGAGATGAGCC 
GAAGCGTCATGAATTGAAATACGATGGGTTGA 


C 6197 
JT 


Lys21Term 
AAA-TAA 


TCAACCCATCGTATTTCAATTCATGACGGTTCAGGCTCATCTGAC 
CGAAGATTTCACTTATGTCTCTGTACTCCACGCGCCI 1 1 IGACG( 
ACGCACGATGCCATGGATACCGTTGGCAT 


;C 6198 

:c 




CAGAGACAIAAGTGAAA 


6199 




1 1 1 UAL. 1 1 A 1 b 1 U 1 U 1 (j 


D/:UU 


Waxy starch 
GBSS 

Phaseolus vulgaris 


ACGGTATCGATGGCATCGTGCGTGGCGTCAAAAGGCGCGTGG/ 
TACAGAGACAAAAGTGTAATCTTCGGGTCAGATGAGCCTGAACC 
TCATGAATTGAAATACGATGGGTTGAGATCTC 


iG 6201 
G 


Lys23Term 
AAA-TAA 


GAGATCTCAACCCATCGTATTTCAATTCATGACGGTTCAGGCTCy 
CTGACCCGAAGATTACAC 1 1 1 1 G 1 G 1 C 1 G 1 AC 1 CCACGCGCC 1 1 
GACGCCACGCACGATGCCATCGATACCGT . 


\T 6202 
1 1 
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-155- 



^ Pfeenotype, Gene, 
Plant STartf^ted 
Alterattofi 


Altering Oligo$ * . ^ 


SEQID 




CAAMGTGTAATCTTCG 


6203 




A Af^ A "I" 1 ■ A O A C 1 I'TTC 

UoAAoA 1 1 AuAU 1 1 M o 




Waxy starch 
GBSS 

Triticum aestivum 


GCGCCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGG 

GTTCCATTCCTAATTAGTGTTCTTATCAAACAAACAGTGTTGGTTCA 

CTGAAACTGTCGCCTCACATCCAATTCCAG 


6205 


Tyr7Term 
TAT-TAG 


CTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACCAACACTGTTT 
Gl 1 IGATAAGAACACTAATTAGGAATGGAACCCATTGGTGCAGCCT 
CTCAATGACGACCI 1 1 1 CGAGCTAGGCGC 


6206 




CCTAATTAGTGTTCTTA 


6207 




1 AAoAAUAU 1 AA 1 1 Aoo 




Waxy starch 
GBSS 

Triticum aestivum 


CCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTC 
CATTCCTAATTATTGATCTTATCAAACAAACAGTGTTGGTTCACTGA 
AACTGTCGCCTCACATCCAATTCCAGCAA 


conn 

6209 


CysSTerm 
TGT-TGA 


TTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACCAACACT 
GTTTGI 1 IGATAAGATCAATAATOGGAATGGAACCCATTGGTGCA 
GCCTCTCAATGACGACCI 1 1 ICGAGCTAGG 


6210 




AATTATTGATCTTATCA 


6211 




T/^ATA A/^AT/^A ATA ATT 

1 oA 1 AAvj AXOAA 1 AA 1 1 




Waxy starch 
GBSS 

Triticum aestivum 


TCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTCCATTCC 

taattattgttc™gcaaacaaacagtgttggttcactgaaactgt 
cgcctcacatccaattccagcaatcttgt 


6213 


TyrlOTerm 
TAT-TAG 


ACAAGATTGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACC 
AACACTGTTTGTTTGCTAAGAACAATAATTAGGAATGGAACCCATT 
GGTGCAGCGTCTCAATGACGACCI 1 1 ICGA 


6214 




TGTTCTTAGCAAACAAA 


6215 




TTTr^TTT/^PTA A^^ A AOA 

M 1 b 1 1 1 b U 1 AAbAAUA 


0£. 10 


Waxy starch 
GBSS 

Triticum aestivum 


CGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGTTCCATTCCT 
AATTATTGTTCTOTTAAACAAACAGTGTTGGTTCACTGAAACTGTC 
GCCTCACATCCAATTCCAGCAATCTTGTA 


6217 


Gln11Term 
CAA-TAA 


TACAAGATTGCTGGAATrGGATGTGAGGCGACAGTTTCAGTGAAC 
CAACACTGTTTGTrTAATAAGAACAATAATTAGGAATGGAACCCATT 
GGTGCAGCCTCTCAATGACGACCI 1 1 ICG 


6216 




GTTCTTATIAAACAAAC 


6219 




Gl 1 IGI 1 lAAIAAGAAC 


6220 
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Pbeuotype, Gene, 






Pidni^ Targeted 
. f . .Alterattea 


Altering Oltg0$ 


mi- 


Waxy starch AG 
GBSS AA 
Triticum aestivum AA 


iGCTGCACCAATGGGTTCCATTCCTAATTATTGTTCTTATCAAACA 
CAGTGTTGGTTGACTGAAACTGTCGCCTCACATCCAATTCCAGC 
TCTTGTAACAATGAAGTTATGTTCCT 


6221 


Ser17Term AG 
TCA-TGA GC 

AT 


SGAACATAACTTCATTGTTACAAGATTGCTGGAATTGGATGTGAG 
JGACAGTTTCAGTCAACCAACACTGI 1 1 GTTTGATAAGAACAATA 
TAGGAATGGAACCCATTGGTGCAGCCT 


6222 


TG 


ITTGGTTGACTGAAAC 


6223 




TTO A r^Tf^ A A C'r' A A A 




Waxy starch CP 
GBSS CC 
Triticum aestivum G/ 


^GCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 

:ggcgtgcaggtttctagggcgtgaggccccggagcccggcg 

^gcggctctcggcatgaggaccgtcggagcta 


6225 


Gln28Term TA 
CAG-TAG CC 

G/ 


gctccgacggtcctcatgccgagagccgcatccgccgggctc 
5gggcctcacgccctagaaacctgcacgccggaacctgtcggt 

^TGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6226 


C/ 


^GGTTTCIAGGGCGTG 


6227 


Cfi 


^CGCCCTAGAAALrOTb 




Waxy starch GC 
GBSS TC 
Triticum aestivum CC 


3TTTCCAGGGCGTGAGGCCCCGGAGCCCGGCGGATGCGGCTC 

;ggcatgaggaccgtctgagctagcgccgccccaacgcaaagc 
3gaaagcgcaccgcgggacccggcggtgcctct 


6229 


Gly46Term AG 
GGA-TGA GC 

CC 


JAGGCACCGCCGGGICCCGCGGIGCGCI I ICCGGCI 1 IGCGI 1 

5GGCGGCGCTAGCTCAGACGGTCCTCATGCCGAGAGCCGCATC 

3CCGGGCTCCGGGGCCTCACGCCCTGGAAACC 


6230 


GC 


3ACCGTCIGAGCTAGC 


6231 




J 1 AbU 1 OAbAUbb 1 




Waxy starch CC 
GBSS CI 
Triticum aestivum CC 


3GAGCCCGGCGGATGCGGCTCTCGGCATGAGGACCGTCGGAG 

"AGCGCCGCCCCAACGTAAAGCCGGAAAGCGCACCGCGGGACC 

3GCGGTGCCTCTCCATGGTGGTGCGCGCCACCG 


6233 


Gln53Term CC 
CAA-TAA G1 

TC 


3GTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
"GCGCTTTCCGGCTTTACGTTGGGGCGGCGCTAGCTCCGACGG 
ICTCATGCCGAGAGCCGCATCCGCCGGGCTCCG 


6234 


CC 


^CCAACGIAAAGCCGG 


6235 


Li 


^bbUI 1 lACbl Ibbtab 




Waxy starch G( 
GBSS CC 
Triticum aestivum CC 


:ggatgcggctctcggcatgaggaccgtcggagctagcgccg 
iccaacgcaaagccggtaagcgcaccgcgggacccggcggtg 

^TCTCCATGGTGGTGCGCGCCACCGGCAGCGGCG 


6237 


Lys56Term CC 
AAA-TAA GC 

m 


3CCGCTGCCGGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

3TCCCGCGGTGCGCTTACCGGCTTTGCGTTGGGGCGGCGCTAG 

CCGACGGTCCTCATGCCGAGAGCCGCATCCGC 


6238 
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Pftenbtype, Oenie, 




SEOID 

mi \ 


■ " . . : .. ^ 




AAAGCCGGIAAGCGCAC 


6239 




GTGCGCTTACCGGCTTT 


6240 


Waxy starch 
GBSS 

Triticum aestivum 


CTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCGGCATGAACCT 
CGTGTTCGTCGGCGCCTAGATGGCGCCCTGGAGCAAGACCGGCG 
GCCTCGGCGACGTCCTCGGGGGCCTCCCCCCAG 


6241 


Glu85Term 
GAG-TAG 


CTGGGGGGAGGCCCCCGAGGACGTCGCCGAGGCCGCCGGTCTT 
GCTCCAGGGCGCCATCTAGGCGCCGACGAACACGAGGTTCATGC 
CGCCGCTGCCGGTGGCGCGCACCACCATGGAGAG 


6242 




TCGGCGCCIAGATGGCG 


6243 




CGCCATCTAGGCGCCGA 


6244 


Waxy starch 
GBSS 

TriVcum aestivum 


GTCGTCTCTCGCTGCAGGTAGCCACACCCTGCGCGCGCGATGGC 
GGCTCTGGTCACGTCGTAGCTCGCCACCTCCGGCACCGTCCTCG 
GCATCACCGACAGGTTCCGGCGTGCAGGI IMC 


6245 


GInSTerm 
CAG-TAG 


GAAAACCTGCACGCCGGAACCTGTCGGTGATGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTACGACGTGACCAGAGCCGCCATCGCGC 
GCGCAGGGTGTGGCTACCTGCAGCGAGAGACGAC 


6246 




TCACGTCGIAGCTCGCC 


6247 




GGCGAGCTACGACGTGA 


6248 


Waxy starch 
GBSS 

Triticum aestivum 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGTT 

CCGGCGTGCAGGTTTTTAGGGTGTGAGGCCCCGGAGCCCGGCAG 

ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 


6249 


Gln28Term 
CAG-TAG 


TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6250 




CAGGTTTTTAGGGTGTG 


6251 




A AX A ^^^^ A A A A A ^^^^ 

CACACCCTAAAAACCTG 


6252 


Waxy starch 
GBSS 

Triticum aestivum 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCG 
GAGCGAGCGCCGCCCCRTAGCAACAAAGCGGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 


6253 


Lys52Term 
AAG-TAG 


CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTrGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6254 




CCGCCCCGTAGCAACAA 


6255 




TTGTTGCTACGGGGCGG 


6256 
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^ Pftenot^e, Gene, 
Pilars & Targeted 
Alteration 


Altering Oligds 


NO: 






Waxy starch 
GBSS 

Triticum aestivum 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6257 


Gln53Term 
CAA-TAA 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGTTACTTCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6258 




CCCCGAAGIAACAAAGC 


6259 




GUI 1 lUI lAUl lUGGGG 


6260 


Waxy starch 
GBSS 

Triticum aestivum 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6261 


Gln54Term 
CAA-TAA 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6262 




CGAAGCAAIAAAGCCGG 


6263 




CCGGCTTTATTGCTTCG 


6264 


Waxy starch 
GBSS 

Triticum durum 


CAGCTCGCCACCTCCGGCACCGTCCTGGGCATCACCGACAGGTT 
dCGGCGTCCAGRTTTCTAGGGnGTRAGGCncrfiRAAnnnRRnft 
GATGCGGCCCTCGTCATGAGGACTATCGGAGCGA 


6265 


Gln28Term 
CAG-TAG 


TCGCTCCGATAGTCGTCATGACGAGGGCCGCATCCGCCGGGTTC 

CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 

GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6266 




CAGGTTTCTAGGGCGTG 


6267 




CACGCCCTAGAAACCTG 


6268 


Waxy starch 
GBSS 

Triticum durum 


CCCCGGAACGCGGCGGATGCGGCCCTCGTCATGAGGACTATCGG 
ARCGAGCGCCGnnnnRTAGnAAARnnGRAAAGnGr.AnP.finRRR 

AGCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6269 


Lys52Term 
AAG-TAG 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTCGCTCCGATAGTCC 
TCATGACGAGGGCCGCATCCGCCGGGTTCCGGGG 


6270 




CCGCCCCGTAGCAAAGC 


6271 




GCTTTGCTACGGGGCGG 


6272 


Waxy starch 
GBSS 

Triticum durum 


CGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGGAGC 

GAGCGCCGCCCCGAAGTAAAGCCGGAAAGCGCACCGCGGGAGC 

CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6273 


Gln53Term 
CAA-TAA 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCG 
GTGCGCTTTCCGGCTTTACTTCGGGGCGGCGCTCGCTCCGATAG 
TCCTCATGACGAGGGCCGCATCCGCCGGGTTCCG 


6274 
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Phenotype, Gene, 
Ptertt& Targeted 




SEOID 
NO: 










CCCCGAAGIAAAGCCGG 


6275 




ULrbbU 1 1 rALr 1 1 Ubbbb 


cove 


Waxy starch 
GBSS 

Triticum durum 


GCGGATGCGGCCCTCGTCATGAGGACTATCGGAGCGAGCGCCGC 

CCCGAAGCAAAGCCGGTAAGCGCACCGCGGGAGCCGGCGGTGC 

CTCTCCATGGTGGTGCGCGCCACGGGCAGCGGCG 


6277 


Lys56Term 
AAA-TAA 


CGCCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GCTCCCGCGGTGCGCTTACCGGCTTTGCTTCGGGGCGGCGCTCG 

CTCCGATAGTCCTCATGACGAGGGCCGCATCCGC 


6278 




AAAGCCGGIAAGCGCAC 


6279 




bIbL/bLrl lAbObbUl 1 1 


DzoU 


Waxy starch 
GBSS 

Triticum durum 


TATCGGAGCGAGCGCCGCCCCGAAGCAAAGCCGGAAAGCGCACC 
GCGGGAGCCGGCGGTGACTCTCCATGGTGGTGCGGGCCACGGG 
CAGCGGCGGCATGAACCTCGTGTTCGTCGGCGCC 


6281 


Cys64Term 
TGC-TGA 


GGCGCCGACGAACACGAGGTTCATGCCGCCGCTGCCCGTGGCG 

CGCACCACCATGGAGAGTCACCGCCGGCTCCCGCGGTGCGCTTT 

CCGGCTTTGCTTCGGGGCGGCGCTCGCTCGGATA 


6282 




CGGCGGTGACTCTCCAT 


6283 




ATbbAbAbTbAbbbbbb 


Dzo4 


Waxy starch 
GBSS 

Triticum turgidum 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCAGCGACAGGTT 
CCGGCGTGCAGGI i 1 ri AGGGTGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 


6285 


Gln28Term 
CAG-TAG 


TCGCTCCGGTAGTCGTCATGCCGAGCGGCGCATGTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6286 




CAGGI 1 1 MAGGGIGIG 


6287 




uACAOOOTAAAAACCTb 


OQQ 
DZOO 


Waxy starch 
GBSS 

Triticum turgidum 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCG 
GAGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 


6289 


Lys52Term 
AAG-TAG 


CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6290 




CCGCCCCGIAGCAACAA 


6291 




TTGTTGCTACGGGGCGG 


6292 
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Pfteuotype, Gene, 
r Alteratioft .: 


.Altering Oltgos 


SEaiD 
MO: 






Waxy starch 
GBSS 

Tiificum furgidum 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAG 
CGAGCGCCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6293 


Gln53Term 
CAA-TAA 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCI 1 1 GTTACTTCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6294 




CCCCGAAGIAACAAAGC 


6295 




bUI \\\d\ IAUI ILrbbbb 


Dzyo 


Waxy starch 
GBSS 

Triticum turgidum 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


con*? 

o297 


Gln54Term 
CAA-TAA 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6298 




CGAAGCAAIAAAGCCGG 


6299 




ULrbvjUl MA! IbLrl luo 


OoUU 


Waxy starch 
GBSS 

Triticum turgidum 


GATGCGCCGCTCGGCATGAGGACTACCGGAGCGAGCGCCGCCC 
CGAAGCAACAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACGGGCAGCGCCG 


6301 


Lys57Term 
AAA-TAA 


CGGCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GGTCCCGCGGTGCGCTTACCGGCTTTGnGCTTCGGGGCGGCGC 

TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATC 


6302 




AAAGCCGGIAAGCGCAC 


6303 




b 1 bObU 1 1 ALrUbbO 1 1 1 




Waxy starch 
GBSS 

Aegilops speltoides 


CAGCTCGCCACCTCCGCCACCGTCCTCGGCATCACCGACAGGTT 
CCGCCATGCAGGI 1 1 CTAGGGCGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 


cone 

6305 


Gln28Term 
CAG-TAG 


TCGCTCCGACAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCATGGCGGAACCTGTCGGT 
GATGCGGAGGACGGTGGCGGAGGTGGCGAGCTG 


6306 




CAGGTTTCIAGGGCGTG 


6307 




LrAUbOOU 1 AbAAAUU 1 b 


uouo 


Waxy starch 
GBSS 

Aegilops speltoides 


GGTTTCCAGGGCGTGAGGCCCCGGAGCCCGGCAGATGCGCCGC 
TCGGCATGAGGACTGTCTGAGCGAGCGCCGCCCCGAAGCAACAA 
AGCCGGAAAGCGCACCGCGGGACCCGGCGGTGCC 


6309 


Gly46Term 
GGA-TGA 


GGCACCGCCGGGTCCCGCGGTGCGCTTTCCGGCTTTGTTGCTTC 
GGGGCGGCGCTCGCTCAGACAGTCCTCATGCCGAGCGGCGCAT 
CTGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 


6310 
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PhenotyiJe, Sene, 
M^ttt^ Targeted 
AlteratiQS^ .1 


Altering Olig0$ \ ^ 


SEOID 
NO: 




GGACTGTCIGAGCGAGC 


6311 






00 


Waxy starch 
GBSS 

Aegilops speltoides 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCG 
GAGCGAGCGCCGCCCCGTAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCGATGGTGGTGCGCG 


6313 


Lys52Term 
AAG-TAG 


CGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TTTCCGGCTTTGTTGCTACGGGGCGGCGGTCGCTCCGACAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGGTCCGGGG 


6314 




CCGCCCCGTAGCAACAA 


6315 




TTb M bLr 1 AUbbbbUbb 


DO 1 D 


Waxy starch 
GBSS 

Aegilops spettoides 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCGGAG 
CGAGCGCCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCGATGGTGGTGCGCGCCA 


6317 


Gln53Term 
CAA-TAA 


TGGCGCGCAGCACCATCGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCI 1 ICCGGCI 1 IGTTACTTCGGGGCGGCGCTCGCTCCGACAG 
TCCTCATGGCGAGCGGCGCATCTGCCGGGCTCCG 


6318 




CCCCGAAGIAACAAAGC 


6319 




bOTTTbl lALrl ILrbbbb 


oozu 


Waxy starch 
GBSS 

Aegilops speltoides 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCGATGGTGGTGCGCGCCACCG 


bozl 


Gln54Term 
CAA-TAA 


CGGTGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTTTATTGCTTCGGGGCGGCGCTCGCTCCGA 
CAGTCCTCATGCCGAGCGGGGCATCTGCCGGGCT 


6322 




CGAAGCAAIAAAGCCGG 


6323 




OCbbCr 1 1 1 A 1 1 bo 1 1 Ob 




Waxy starch 
GBSS 

Oryza glaberrima 


AGTGCAGAGATCTTCCACAGCAACAGCTAGACAACCACCATGTGG 
GGTCTCACCACGTCCTAGCTCGCCACGTCGGCCACCGGCTTCGG 
CATCGCTGACAGGTCGGCGCCGTCGTCGCTGC 


6325 


GInSTerm 
CAG-TAG 


GCAGCGACGACGGCGCCGACCTGTCAGGGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
GTTGTCTAGCTGTTGCTGTGGAAGATCTCTGCACT 


6326 




CCACGTCCIAGCTCGGC 


6327 




GGCGAGCTAGGACGTGG 


6328 
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^ NO: 


. Alteration 




Waxy starch 
GBSS 

Oryza glaberrima 


TCCACAGCAACAGCTAGACAACCACCATGTCGGCTCTCACCACG 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCTGACAG 
TCGGCGCCGTCGTCGCTGCTCCGCCACGGGTT 


T 6329 
G 


Ser12Term 
TCG-TAG 


AACCCGTGGCGGAGCAGCGACGACGGCGCCGACCTGTCAGCG/ 
GCCGAAGCCGGTGGCCTAGGTGGCGAGCTGGGACGTGGTGAGy 
GCCGACATGGTGGTTGTCTAGCTGTTGCTGTGGA 


\T 6330 
\ 




CGCCACCTAGGCCACCG 


6331 




CGGTGGCCTAGGTGGCG 


booz 


Waxy starch 
GBSS 

Oryza glaberrima 


CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTT 
GGCATCGCTGACAGGTAGGCGCCGTCGTCGCTGCTCCGCCACG 
GTTCCAGGGCCTCAAGCCCCGCAGCCCCGCCGG 


C 6333 
JG 


Ser22Term 
TCG-TAG 


CCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACCCGTGGCGG 
GCAGCGACGACGGCGCCTACCTGTCAGCGATGCCGAAGCCGGT 
GCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 


A 6334 
G 




TGACAGGTAGGCGCCGT 


6335 




ACGGCGCCTACCTGTCA 


boob 


Waxy starch 
GBSS 

Oryza glaberhma 


CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGC 
GACAGGTCGGCGCCGTAGTCGCTGCTCCGCCACGGGTTCCAGC 
GCCTCAAGCCCCGCAGCCCCGCCGGCGGCGACGC 


T 6337 


Ser25Term 
TCG-TAG . 


GCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAAC 
CGTGGCGGAGCAGCGACTACGGCGCCGACCTGTCAGCGATGCC 
GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 


C 6338 




GGCGCCGTAGTCGCTGC 


6339 




GCAbCGACTAGbbubCC/ 


bo4U 


Waxy starch 
GBSS 

OAyza glaberrima 


CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCTGA 
AGGTCGGCGCCGTCGTAGCTGCTCCGCCACGGGTTCCAGGGCC 
CAAGCCCCGCAGCCCCGCCGGCGGCGACGCGAC 


C 6341 

:t 


Ser26Term 
TCG-TAG 


GTCGCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGG 
ACCCGTGGCGGAGCAGCTACGACGGCGCCGACCTGTCAGCGAl 
CCGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 


lA 6342 
"G 




GCCGTCGTAGCTGCTCC 


6343 




GGAGCAGCTACGACGGC 


bo44 


Waxy starch 
GBSS 

Oryza sativa 


TCCACAGCAAGAGCTAAACAGCCGACCGTGTGCACCACCATGTC 
GCTCTCACCACGTCCTAGCTCGCCACCTCGGCCACCGGCTTCG( 
CATCGCCGACAGGTCGGCGCCGTCGTCGCTGC 


;G 6345 


GInSTerm 
CAG-TAG 


GCAGCGACGACGGCGCCGACCTGTCGGCGATGCCGAAGCCGG 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGT( 
GTGCACACGGTCGGCTGI 1 1 AGCTCTTGCTGTGGA 


J 6346 

3 
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' Phenotype, Sene, 
Aiteratloa 


Altering Oltgos 


m: 




CCACGTCCIAGCTCGCC 


6347 




bbC/bAbU 1 AbbAUb 1 bb 


Do4o 


Waxy starch 
GBSS 

Oryza sativa 


CTAAACAGCCGACCGTGTGCACCACCATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCCGACAGG 
TCGGCGCCGTCGTCGCTGCTTCGCCACGGGTT 


6349 


Ser12Term 
TCG-TAG 


AACCCGTGGCGAAGCAGCGACGACGGCGCCGACCTGTCGGCGAT 

GCCGAAGCCGGTGGCCTAGGTGGCGAGCTGGGACGTGGTGAGA 

GCCGACATGGTGGTGCACACGGTCGGCTGTTTAG 


6350 




CGCCACCTAGGCCACCG 


6351 




CbbTbbUGTAGbTbbOb 




Waxy starch 
GBSS 

Oryza sativa 


CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 

GGCATCGCCGACAGGTAGGCGCCGTCGTCGCTGCTTCGCCACGG 

GTTCCAGGGCCTCAAGCCCCGTAGCCCAGCCGG 


6353 


Ser22Term 
TCG-TAG 


CCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACCCGTGGCGAA 
GCAGCGACGACGGCGCCTACCTGTCGGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 


6354 




CGACAGGTAGGCGCCGT 


6355 




ACGGCGCCTACCTGTCG 


0000 


Waxy starch 
GBSS 

Oryza sativa 


CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCC 

GACAGGTCGGCGCCGTAGTCGCTGCTTCGCCACGGGnCCAGGG 
CCTCAAGCCCCGTAGCCCAGCCGGCGGGGACGC 


6357 


Ser25Term 
TCG-TAG 


GCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACC 
CGTGGCGAAGCAGCGACTACGGCGCCGACCTGTCGGCGATGCC 
GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 


6358 




GGCGCCGTAGTCGCTGC 


6359 




GCAGCbAGTACGGCbuO 


OobU 


Waxy starch 
GBSS 

Oryza sativa 


CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCCGAC 
AGGTCGGCGCCGTCGTAGCTGCTTCGCCACGGGTTCCAGGGCCT 
CAAGCCCCGTAGCCCAGCCGGCGGGGACGCATC 


6361 


Ser26Term 
TCG-TAG 


GATGCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAA 
CCCGTGGCGAAGCAGCTACGACGGCGCCGACCTGTCGGCGATGC 
CGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 


6362 




GCCGTCGTAGCTGCTTC 


6363 




GAAGCAGCIACGACGGC 


6364 
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Pftenotype, iSene, 
Pldnt3( Targeted 
Alteraioi) . 




UO: 








Waxy starch 
GBSS 

Hordeum vulgare 


GTCTCTCACTGCAGGTAGCCACACCCTGTGCGCGGCGCCATGGC 
GGCTCTGGCCACGTCCTAGCTCGCCACCTCCGGCACCGTCCTCG 
GCGTCACCGACAGATTCCGGCGTCCAGGI IMC 


6365 


5 


GInSTerm 
CAG-TAG 


GAAAACCTGGACGCCGGAATCTGTCGGTGACGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTAGGACGTGGCCAGAGCCGCCATGGCGC 
CGCGCACAGGGTGTGGCTACCTGCAGTGAGAGAC 


6366 






CCACGTCCIAGCTCGCC 


6367 






GGCGAGCTAGGACGTGG 


coco 
DODO 




Waxy starch 
GBSS 

Hordeum vulgare 


ATGGCGGCTCTGGCCACGTCCCAGCTCGCCACCTCCGGCACCGT 
CCTCGGCGTCACCGACIGATTCCGGCGTCCAGGI 1 1 ICAGGGCCT 
CAGGCCCCGGAACCCGGCGGATGCGGCGCTTG 


6369 


10 


Arg21Term 
AGA-TGA 


CAAGCGCCGCATCCGCCGGGTTCCGGGGCCTGAGGCCCTGAAAA 

CCTGGACGCCGGAATCAGTCGGTGACGCCGAGGACGGTGCCGG 

AGGTGGCGAGCTGGGACGTGGCCAGAGCCGCCAT 


6370 






TCACCGACIGATTCCGG 


6371 






CCGGAATCAGTCGGTGA 


6372 




Waxy starch 
GBSS 

Hordeum vulgare 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCGTCACCGACAGATT 

CCGGCGTCCAGGTTTTTAGGGCCTCAGGCCCCGGAACCCGGCGG 

ATGCGGCGCTTGGTATGAGGACTATCGGAGCAA 


6373 


15 


Gln28Term 
CAG-TAG 


TTGCTCCGATAGTCCTCATACCAAGCGCCGCATCCGCCGGGTTCC 
GGGGCCTGAGGCCCTAAAAACCTGGACGCCGGAATCTGTCGGTG 
ACGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6374 






CAGGmriAGGGCCTC 


6375 






GAGGCCCTAAAAACCTG 


bo7b 




Waxy starch 
GBSS 

Hordeum vulgare 


GGI 1 1 ICAGGGCCICAGGCCUCGGAACCCGGCGGAIGCGGCGCT 

TGGTATGAGGACTATCTGAGCAAGCGCCGCCCCGAAGCAAAGCC 

GGAAAGCGCACCGCGGGAGCCGGCGGTGCCTCT 


6377 


20 


Gly46Term 
GGA-TGA 


AGAGGCACCGCCGGCTCCCGCGGTGCGCTTTCCGGCTTTGCTTC 
GGGGCGGCGCTTGCTCAGATAGTCCTCATACCAAGCGCCGCATC 
CGCCGGGTTCCGGGGCCTGAGGCCCTGAAAACC 


6378 






GGACTATCIGAGCAAGC 


6379 






GCTTGCTCAGATAGTCC 


coo A 

DOOO 




Waxy starch 
GBSS 

Hordeum vulgare 


CCCCGGAACCCGGCGGATGCGGCGCTTGGTATGAGGACTATCGG 

AGCAAGCGCCGCCCCGTAGCAAAGCCGGAAAGCGCACCGCGGG 

AGCCGGCGGTGCCTCTCCGTGGTGGTGAGCGCCA 


6381 


25 

• 


Lys52Term 
AAG-TAG 


TGGCGCTCACCACCACGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTTGCTCCGATAGTCC 
TCATACCAAGCGCCGCATCCGCCGGGTTCCGGGG 


6382 
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Pfeenot^e, Gene, 
Plants Targeted 
^ Altieratlon 




Altering Oltgo$ 

^•^ • • 
















CCGCCCCGIAGCAAAGC 


6383 


GCTTTGCTACGGGGCGG 


6384 


Waxy starch 
GBSS 
Zea mays 
GInSTerm 
CAG-TAG 


ACG 1 C 1 1 1 1 C 1 C 1 C 1 CI CC 1 ACGCAG IGGATl AATCGGCATGGCGG 
CTCTGGCCACGTCGTAGCTCGTCGCAACGCGCGCCGGCCTGGGC 
GTCCCGGACGCGTCCACGTTCCGCCGCGGCG 


6385 


CGCCGCGGCGGAACGTGGACGCGTCCGGGACGCCCAGGCCGGC 
GCGCGTTGCGACGAGCTACGACGTGGCCAGAGCCGCCATGCCGA 
TTAATCCACTGCGTAGGAGAGAGAGAAAAGACGT 


6386 


CCACGTCGIAGCTCGTC 


6387 


GACGAGCTACGACGTGG 


6388 


Waxy starch 
GBSS 
Zea mays 
Gln30Term 
CAG-TAG 


GTCGCAACGCGCGCCGGCCTGGGCGTCCCGGACGCGTCCACGT 

TCCGCCGCGGCGCCGCGTAGGGCCTGAGGGGGGCCCGGGCGTC 

GGCGGCGGCGGACACGCTCAGCATGCGGACCAGCG 


6389 


CGCTGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGCCCG 

GGCCCCCCTCAGGCCCTACGCGGCGCCGCGGCGGAACGTGGAC 

GCGTCCGGGACGCCCAGGCCGGCGCGCGTTGCGAC 


6390 


GCGCCGCGIAGGGCCTG 


6391 


CAGGCCCTACGCGGCGC 


6392 


Waxy starch 
GBSS 
Zea mays 
SerSSTerm 
TCG-TAG 


TCCCGGACGCGTCCACGTTCCGCCGCGGCGCCGCGCAGGGCCT 

GAGGGGGGCCCGGGCGTAGGCGGCGGCGGACACGCTCAGCATG 
CGGACCAGCGCGCGCGCGGCGCCCAGGCACCAGCA 


6393 


TGCTGGTGCCTGGGCGCCGCGCGCGCGCTGGTCCGCATGCTGA 
GCGTGTCCGCCGCCGCCTACGCCCGGGCCCCCCTCAGGCCCTG 
CGCGGCGCCGCGGCGGAACGTGGACGCGTCCGGGA 


6394 


CCGGGCGTAGGCGGCGG 


6395 


CCGCCGCCTACGCCCGG 


6396 


Waxy starch 
GBSS 
Zea mays 
Ser57Term 
CAG-TAG 


GCGTCGGCGGCGGCGGACACGCTCAGCATGCGGACCAGCGCGC 

GCGCGGCGCCCAGGCACTAGCAGCAGGCGCGCCGCGGGGGCA 

GGTTCCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCA 


6397 


TGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCCCC 

GCGGCGCGCCTGCTGCTAGTGCCTGGGCGCCGCGCGCGCGCTG 

GTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGC 


6398 


CCAGGCACIAGCAGCAG 


6399 


CTGCTGCTAGTGCCTGG 


6400 
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Plattt^lt Targeted 
'i'/. Alteration. ; . 






Altering <^llgo$ i 


Waxy starch 
GBSS 
Zea mays 


TCGGCGGCGGCGGACACGCTCAGCATGCGGACCAGCGCGCGCG 
CGGCGCCCAGGCACCAGTAGCAGGCGCGCCGCGGGGGCAGGTT 
CCCGTCGCTCGTCGTGTGCGCCAGCGCGGGCATGA 


6401 


Gln58Term 
CAG-TAG 


TCATGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCC 
CCGCGGCGCGCCTGCTACTGGTGCCTGGGCGCCGCGCGCGCGC 
TGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGA 


; 6402 




GGCACCAGIAGCAGGCG 


6403 




CGCCTGCTACTGGTGCC 


6404 
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Example 11 
Altering fatty acid content of plants 

Improved means to manipulate fatty acid compositions, from biosynthetic or natural plant 
sources, are needed. For example, oils containing reduced saturated fatty acids are desired for dietary 
5 reasons and oils containing increased saturated fatty acids are also needed as alternatives to current 
sources of tiighly saturated oil producte, such as tropical oils or chemically hydrogenated oils. It would 
therefore be advantageous to influence directly the production and composition of fatty acids in crop plants. 

Higher plants synthesize fatty acids, primarily palmitic, stearic and oleic acids, in the plastids 
(i.e., chloroplasts, proplastids, or other related organelles) as part of the Fatty Acid Synthase (FAS) complex. 
1 0 Fatty acid synthesis is the result of the three enzymatic activities: acyl-ACP elongase, acyl-ACP desaturase 
and acyl-ACP thioesterases specific for each of palmitoyi-, stearoyi- and oleoyl-ACP. 

A variety of enzymes have been identified that influence the relative levels of saturated vs. 
unsaturated fatty acids in plants. For example, the enzymes stearoyl-acyl carrier protein (stearoyl-ACP) 
desaturase, oleoyi desaturase and linoleate desaturase produce unsaturated fatty acids from saturated 
1 5 precursors. Similariy, relative enzymatic activities of the various acyl-ACP thioesterases influences the 

relative acyl-chain composition of the resultant fatty acids. Consequently a reduction or an increase of the 
activity of these enzymes can alter the properties of oils produced in a plant. In fact, specific targeting of 
particular enzymatic activities can results in altered levels of particular fatty acids. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
20 used to generate site-specific mutations in plant genes encoding proteins involved in fatty acid biosynthesis. 



Table 22 

Oligonucleotides to produce plants with reduced palmitate 



Phenotype, Oene, 
Plant &T^rget^<I 
Alteratior^ 


Altering Oligos 


MO: 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
SerSTerm 
TCG-TAG 


1 1 IGGIGGCAGIGICI 1 IGAACGCI 1 CATC ICC ICG rCAI"GGTGGC 

CACCTCTGCTACGTAGTCATTCTTTCCTGTACCATCTTCTTCACTT 

GATCCTAATGGAAAAGGCAATAAGATTGG 


6405 


CCAA 1 C 1 1 A 1 1 GCC 1 1 1 1 CCA 1 1 AGGA 1 CAAG 1 GAAGAAGAI GGI A 
CAGGAAAGAATGACTACGTAGCAGAGGTGGCCACCATGACGAGG 
AGATGAAGCGTTCAAAGACACTGCCACCAAA 


6406 
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' ^ Alt6riii90ltgo$ 

V. ■ ^^^^ - ■ 


3EQIi> 
NO: 




TGCTACGTAGTCATTCT 


6407 




A A A T'^\ A A /^/ V 1 A /^f^ A 

AGAATGACTACGTAGCA 


>1 Aft 

6408 


Reduced palmitate 

Muyi-MV^r-UllUcoLcI dot; 

Arabidopsis thaliana 


GGTGGCAGTGTCTTTGAACGCTTCATCTCCTCGTCATGGTGGCCA 
ppjpjrjpyApoypr^T(^ATTP I 1 I rrTnTArrATPTTnTPArTTnAT 

1 \j 1 vDO I MLrVj 1 I V3r\ 1 I 1 1 1 1 O I MoOM J O 1 1 1 1 1 1 OM 1 

CCTAATGGAAAAGGCAATAAGATTGGGTC 


6409 


SerQTerm 
TCA-TGA 


GACCCAAICI lAI IGUCI 1 1 ICCAI lAGGAICAAGIGAAGAAGAIG 

GTACAGGAAAGAATCACGACGTAGCAGAGGTGGCCACCATGACGA 

GGAGATGAAGCGTTCAAAGACACTGCCACC 


6410 




lACGICGIGAI ICI 1 IC 


6411 




GAAAGAATCACGACGTA 


6412 


Reduced palmitate 
Acvl-ACP-thioesterase 
Arabidopsis thaliana 


ATCTCCTCGTCATGGTGGCCACCTCTGCTACGTCGTCATTCTTTCC 

TGTACCATCTTCTTGACTTGATCCTAATGGAAAAGGCAATAAGATT 

GGGTCTACGAATCTTGCTGGACTCAATTC 


6413 


Ser17Term 
TCA-TGA 


GAAI IGAGTCCAGCAAGAI 1 CG 1 AGACCCAA 1 C 1 lAI IGCCI IMC 
CATTAGGATCAAGTCAAGAAGATGGTACAGGAAAGAATGACGACG 
TAGCAGAGGTGGCCACCATGACGAGGAGAT 


6414 




ATCTTCTTGACTTGATC 


6415 




rf^ A "T*^X A A ^^"T*^* A A A A A "T" 

GATCAAGTCAAGAAGAT 


6416 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 


UIUUUUAUUIUIUUIAUUIUUIUAI iCl 1 IUUIUIACUAICI ICI I 
CACTTGATCCTAATTGAAAAGGCAATAAGATTGGGTCTACGAATCT 
TGCTGGACTCAATTCTGCACCTAACTCTG 


6417 


Gly22Term 
GGA-TGA 


CAGAGTTAGGTGCAGAATTGAGTCCAGCAAGATTCGTAGACCCAA 
TCTTATTGCOTTTTCAATTAGGATCAAGTGAAGAAGATGGTACAGG 
AAAGAATGACGACGTAGCAGAGGTGGCCAC 


6418 




ATCCTAATIGAAAAGGC 


6419 




GCCI 1 1 ICAAl lAGGAI 


6420 


Reduced palmitate 
Anvl-AnP-thinp<itpra^p 
Garcinia mangostana 


GCI IGAAI I I GiGAICIGATTGGTTAATTGTGGCCACAATGGTTGC 

TACTGCCGCCACGTGATCATTCTTTCCGTTGACTTCCCCTTCTGGG 

GATGCCAAATCGGGCAATCCCGGAAAAGG 


6421 


SerSTerm 
TCA-TGA 


CCTTTTCCGGGATTGCCCGATTTGGCATCCCCAGAAGGGGAAGTC 
AACGGAAAGAATGATCACGTGGCGGCAGTAGCAACCATTGTGGCC 
ACAATTAACCAATCAGATCACAAATTCAAGC 


6422 




CGCCACGTGATCATTCT 


6423 




AGAATGATCACGTGGCG 


6424 
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PhenotypejrGene, 
Plant & Targeted 
AJterafion 


Altering Oligo$ " ^ ^ ; 


SEQID 

HO: : 


Reduced palmitate 

r^oyi rxor UIJUCOLC3I cioc 

Garcinia mangostana 


TGAATTTGTGATCTGATTGGTTAATTGTGGCCACAATGGTTGCTAC 

TGCCGCCACGTCATGATTCTTTCCGTTGACTTCCCCTTCTGGGGAT 

GCCAAATCGGGCAATCCCGGAAAAGGGTC 


6425 


Ser9Term 
TCA-TGA 


GACCCI 1 1 ICCGGGAI IGCCCGAI 1 1 GGCAI CCCCAGAAGGGGAA 
GTCAACGGAAAGAATCATGACGTGGCGGCAGTAGCAACCATTGTG 
GCCACAATTAACCAATCAGATCACAAATTCA 


6426 




CACGTCATGATTCTTTC 


6427 




GAAAGAATCATGACGTG" 


6428 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 


CTGATTGGTTAATTGTGGCCACAATGGTTGCTACTGGCGCCACGT 
CATCATTCTTTCCGTAGACTTCCCCTTCTGGGGATGCCAAATCGG 
GCAATCCCGGAAAAGGGTCGGTGAGI 1 1 IGG 


6429 


Leu13Term 
TTG-TAG 


CCAAAACICACCGACCCI 1 1 ICCGGGAI IGCCCGAI 1 IGGCAICC 
CCAGAAGGGGAAGTCTACGGAAAGAATGATGACGTGGCGGCAGT 
AGCAACCATTGTGGCCACAATTAACCAATCAG 


6430 




CI 1 ICCGIAGACI ICCC 


6431 




btabAAb 1 LrTAOboAAAb 


OHOZ 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 


ATGGTTGCTACTGCCGCCACGTCATCATTC 1 1 1 CCGTTGACTTCCC 
CTTGTGGGGATGCCTAATCGGGCAATCCCGGAAAAGGGTCGGTG 
AGI 1 1 IGGGTCAATGAAGTCGAAATCCGCGG 


6433 


Lys21Term 
AAA-TAA 


CCGCGGAI 1 ICGACI ICAI 1 GACCCAAAAC 1 CACCGACCC 1 1 II CO 

GGGATTGCCCGATTAGGCATCCCCAGAAGGGGAAGTCAACGGAA 

AGAATGATGACGTGGCGGCAGTAGCAACCAT 


6434 




GGGATGCCIAATCGGGC 


6435 




GCCCGATTAGGCATCCC 


6436 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 


GGGATTTCAGCACGAAATTGAACalTGTl 1 1 1 AAAAACCATGGTTGC 
TACTGCTGTGACATAGGCGI 1 1 1 1 GCCAGTCACTTCTTCACCTGAG 
TCCTCTGACTCGAAAAACAAGAAGCTCGG 


6437 


SerSTerm 
TCG-TAG 


CCGAGCTTCTTGI 1 1 1 1 CGAGTCAGAGGAGTCAGGTGAAGAAGTG 

ACTGGGAAAAACGCCTATGTCACAGCAGTAGCAACCATGGTTTTTA 

AAAACAAGTTCAATiTCGTGCTGAAATGCC 


6438 




TGTGAGATAGGCGTTTT 


6439 




AAA AOOr'/^TAX/^Tr* Ar» A 

AAAACbCCTA 1 o 1 CACA 




Reduced palmitate 
Acyl-ACP-thioesterase 

Gossypium hirsutum 


IGI 1 1 1 lAAAAACGAIGGI IGCIACIGCIGIGACAICGGCGI 1 1 1 1 

CCCAGTCAGTTCTTGAGCTGACTCCTCTGACTCGAAAAACAAGAAG 

GTGGGAAGGATGAAGTGGAAGGGATGGGT 


6441 


Ser16Term 
TCA-TGA 


ACCGA 1 GGCTTCGAC II GA 1 GC 1 1 CCGAGC 1 1 C 1 1 G II 1 1 1 CGAG 1 
GAGAGGAGTGAGGTCAAGAAGTGACTGGGAAAAAGGCGGATGTGA 
. CAGCAGTAGCAACGATGGI 1 1 1 lAAAAACA 


6442 
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Pl^iit& Targeted 


Altering Oltgos 


SEQID 

: NO: 


C 


:acttcttgacctgact 


6443 


/ 


^GTCAGGTCAAGAAGTG 


A A A 

6444 


Reduced palmitate 1 
Acyl-ACP-thioesterase 1 
Gossypium hirsutum C 


TGCTACTGCTGTGACATCGGCG 1 1 1 1 1 CCCAGTCACTTCTTCACC 
"GACTCCTCTGACTAGAAAAACAAGAAGCTCGGAAGCATCAAGTC 
3AAGCCATCGGT7TCTTCTGGAAGI 1 IGCA 


6445 


Ser22Term 1 
TCG-TAG C 

C 


"GCAAACTTCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCCGA 
3CTTCTTGI 1 1 1 ICTAGTCAGAGGAGTCAGGTGAAGAAGTGACTGG 
3AAAAACGCCGATGTCACAGCAGTAGCAA 


6446 


C 


JTCTGACTAGAAAAACA 


6447 


I 


1 1 f r TOTA/'MY"^ AO Ar* 

U 1 1 1 1 1 UXAvjj I LrAUAo 


D44o 


Reduced palmitate C 
Acyl-ACP-thioesterase / 
Gossypium hirsutum / 


aCTACTGCTGTGACATCGGCG 1 1 1 1 1 CCCAGTCACTTCTTCACCTG 
^CTCCTCTGACTCGTAAAACAAGAAGCTCGGAAGCATCAAGTCGA 
\GCCATCGGI 1 rCTTCTGGAAGTTTGCAAG 


A Ar\ 

6449 


Lys23Term C 
AAA-TAA C 

1 


:ttgcaaacttccagaagaaaccgatggcttcgacttgatgcttcc 

3AGCTTCTTG 1 1 1 lACGAGTCAGAGGAGTCAGGTGAAGAAGTGAC 
■GGGAAAAACGCCGATGTCACAGCAGTAGC 


6450 


C 


ITGACTCGIAAAACAAG 


6451 


c 


^TTGI 1 1 lACGAGTCAG 


6452 


Reduced palmitate C 
Acyl-ACP-thioesterase C 
Cuphea hookeriana /■ 


3TCCCGCTC(i 1 1 UAAAGACAATGGTGGCTACCGCTGCAAGCTCTG 
DATTCTTCCCCGTGTAGTCCCCGGTCACCTCCTCTAGACCAGGAA 
^GCCCGGAAATGGGTCATCGAGCTTCAGCCC 


6453 


Ser14Term C 
TCG-TAG C 

C 


BGGCTGAAGCTCGATGACCCATTTCCGGGCTTTCCTGGTCTAGAG 
3AGGTGACCGGGGACTACACGGGGAAGAATGCAGAGCTTGCAGC 
3GTAGCCACCATTGTCTTTCAACGAGCGGGAG 


6454 


C 


XCCGTGTAGTCCCCGG 


6455 






D40D 


Reduced palmitate / 
Acyl-ACP-thioesterase C 
Cupliea fiookeriana / 


\TGGTGGCTACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCC 
iCGGTCACCTCCTCTTGACCAGGAAAGCCCGGAAATGGGTCATCG 
^GCTTCAGCCCCATCAAGCCCAAAI 1 IGTCG 


6457 


Arg21Term C 
AGA-TGA C 

( 


JGACAAAI 1 IGGGCI IGAIGGGGUIGAAGCICGAIGACGCAI 1 IC 
:GGGCI 1 ICCTGGTCAAGAGGAGGTGACCGGGGACGACACGGG 
BAAGAATGCAGAGCTTGCAGCGGTAGCCACCAT 


6458 


( 


XTCCTGTIGACCAGGA 


6459 


1 


^CCTGGTCAAGAGGAGG 


6460 
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• Altefafion 


Alt$riitgOltgo$ 


HSEQiD 

i; NO: 


Reduced palmitate GC 
Acyl-ACP-thioesterase AC 
Cuphea hookeriana AG 


ITACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTC 
CTCCTCTAGACCATGAAAGCCCGGAAATGGGTCATCGAGCTTC 
CCCCATCAAGCCCAAATTTGTCGCCAATG 


6461 


GIy23Term OA 
GGA-TGA OA 

AC 


1 IGGCGACAAAI 1 IGGGCI 1 GA 1 GGGGC 1 GAAGCTCGATGACC 

TTTCCGGGCTTTCATGGTCTAGAGGAGGTGACCGGGGACGAC 

GGGGAAGAATGCAGAGCTTGCAGCGGTAGC 


6462 


CT 


AGACCAIGAAAGCCC 


6463 


GG 


iGC 1 1 1 CATGGTCTAG 


6464 


Reduced palmitate AC 
Acyl-ACP-thioesterase TC 
Cuphea hookeriana CC 


CGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTCACC 
CTCTAGACCAGGATAGCCCGGAAATGGGTCATCGAGCTTCAGC 
;CATCAAGCCCAAATTTGTCGCCAATGGCG 


6465 


Lys24Term CG 
AAG-TAG AC 

GP 


5CCATTGGCGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATG 

CCATTTCCGGGCTATCCTGGTCTAGAGGAGGTGACCGGGGAC 

^CACGGGGAAGAATGCAGAGCTTGCAGCGGT 


6466 


Gfi 


^CCAGGAIAGCCCGGA 


6467 


TC 


CGGGCTATCCTGGTC 


6468 


Reduced palmitate GC 
Acyl-ACP-thioesterase AC 
Cuphea lanceolata AG 


;CACCGCTGCAAGTTCTGCATTCTTCCCCCTGCCG1CCCCGGAC 
;CTCCTCTAGGCCGTGAAAGCTCGGAAATGGGTCATCGAGCTTG 
JCCCCCTCAAGCCCAAATTTGTCGCCAATG 


6469 


Gly23Term CA 
GGA-TGA CA 

AG 


iTTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGCTCGATGACC 
mCCGAGC 1 1 1 CACGGCCTAGAGGAGGTGTCCGGGGACGGC 

;ggggaagaatgcagaacttgcagcggtggc 


6470 


CT 


AGGCCGIGAAAGCTC 


6471 


Gf 


^GCTTTCACGGCCTAG 


d472 


Reduced palmitate AC 
AcyrMLrr-inioesierase i l 
Cuphea lanceolata CC 


;CGCTGCAAGTTCTGCATTCTTCCCCCTGCCGTCCCCGGACACC 
:CCTCAAGCCCAAAI 1 1 GTCGCCAATGCCG 


6473 


Lys24Term CC 
AAG-TAG G/ 

CC 


3GCATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGCTCGAT 

^CnCATTTCCGAGCTATCCCGGCCTAGAGGAGGTGTCCGGGGA 

5GCAGGGGGAAGAATGCAGAACTTGCAGCGGT 


6474 


GC 


3CCGGGAIAGCTCGGA 


6475 


TC 


ICGAGCTATCCCGGCC 


6476 


Reduced palmitate GC 
Acyl-ACP-thioesterase AC 
Cuphea lanceolata Cf 


)AAGTTCTGCATTCTTCCCCCTGCCGTCCCCGGACACCTCCTCT 
3GCCGGGAAAGCTCIGAAATGGGTCATCGAGCTTGAGCCCCCT 
^GCCCAAATTTGTCGCCAATGCCGGGTTGA 


6477 


Gly26Term TC 
GGA-TGA TC 

G( 


lAACCCGGCATTGGCGACAAATTTGGGCTTGAGGGGGCTCAAGC 
IGATGACCCAI 1 ICAGAGCTTTCCCGGCCTAGAGGAGGTGTCCG 
3GACGGCAGGGGGAAGAATGCAGAACTTGC 


; 6478 
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Pheiiotype, Gene, 
Pl9iit& Targeted 


Altering Oltgo$'^ - t 1 


SEQID 

mi 




'.. •. r . ^ - .- ' ' , ^ 






GAAAGCTCTGAAATGGG 


6479 




CCCATTTCAGAGCTTTC 


6480 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 


CATTCTTCCCCCTGCCGTCCCCGGACACCTCCTCTAGGCCGGGAA 
AGCTCGGAAATGGGTGATCGAGCTTGAGCCCCCTCAAGCCCAAAT 
TTGTCGCCAATGCCGGGTTGAAGGTTAAGGC 


6481 


Ser29Term 

THA-TRA 


GCCTTAACCTTCAACCCGGCATTGGCGACAAATTTGGGCTTGAGG 
GAGGTGTCCGGGGACGGCAGGGGGAAGAATG 


6482 




AAATGGGTGATCGAGCT 


6483 




AGCTCGATCACCCATTT 


6484 


Reduced palmitate 

Anvl-AnP-thiop<5tpra«;p 

Helianthus annuus 


CGTnAAGTGGATCGGACATTTAAGTGTTTTAATCA 1 GGTAGCTAT 
GAGTGCTACTGCGTAGCTGTTTCCGGTTTCTTCCCCAAAACCTCA 
CTCTGGAGCCAAGACATCTGATAAGCTTGG 


6485 


SerQTerm 
TCG-TAG 


CCAAGCTTATCAGATGTCTTGGCTCCAGAGTGAGGTTTTGGGGAA 
GAAACCGGAAACAGCTACGCAGTAGCACTCATAGCTACCATGATT 
AAAACACTTAAATGTCCGATCCACTTAAACG 


6486 




TACTGCGTAGCTGTTTC 


6487 




GAAACAGCTACGCAGTA 


6488 


Reduced palmitate 
Acyi-Aur-tnioesterase 
Helianthus annuus 


AGTGTTTTAATCATGGTAGCTATGAGTGCTACTGCGTCGCTGTTTC 

nr^OTTTnTTOr^PP AT A A PPTP A PTPT/^r^ A ^r^P A A n AP ATPTr5 AT A A 
Ooo 1 1 1 U 1 1 LrOL/UA 1 AALrU 1 UAO 1 U 1 ooAoOLrAMUAOM 1 Lr 1 \jt\ I MM 

GCTTGGAGGTGAACCAGGTAGTGTTGCTG 


6489 


Lys17Term 
AAA-TAA 

r\r\r\ 1 r\r\ 


CAGCAACACTACCTGGTTCACCTCCAAGCTTATCAGATGTCTTGGC 

TPPAfiARTfiArS^^TTATftf^RftAAfiAAAPPfiRAAAflARnRAPfinAR 
TAGCACTCATAGCTACCATGATTAAAACACT 


6490 




CTTCCCCATAACCTCAC 


6491 




GTGAGGTTATGGGGAAG 


6492 


Reduced palmitate 
Helianthus annuus 


ATGGTAGCTATGAGTGCTACTGCG 1 CGC 1 G 1 1 1 CCGG 1 1 1 C 1 1 CCC 
PAAAACCTCACTCTTGAGCCAAGACATCTGATAAGCTTGGAGGTGA 
ACCAGGTAGTGTTGCTGTGCGCGGAATCA 


6493 


Gly21Term 
GGA-TGA 


TGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAGCTOTC 
AGATGTCTTGGCTCAAGAGTGAGGI 1 1 1 GGGGAAGAAACCGGAAA 
CAGCGACGCAGTAGCACTCATAGCTACCAT 


6494 




CTCACTCTIGAGCCAAG 


6495 




CTTGGCTCAAGAGTGAG 


6496 
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Plant &T«tg0tfi<J 

mmlSon. . t ; 


Altering Ollgos . ;J 

^ . . , 5 ^ • : *| 


SEQiD 
MO: 

I_ 




Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 


GCTATGAGTGCTACTGCGTCGCTGTTTCCGGTTTCTTCCCCAAAAC 

CTCACTCTGGAGCCTAGACATCTGATAAGCTTGGAGGTGAACCAG 

GTAGTGTTGCTGTGCGCGGAATCAAGACAA 


6497 




Lys23Term 
AAG-TAG 


TTGTCTTGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAG 

PTTATrAGATGTnTAGRnTCnAGAGTGARGTTTTGGGGAAGAAAC 

CGGAAACAGCGACGCAGTAGCACTCATAGC 


6498 






CTGGAGCCIAGACATCT 


6499 






AGATGTCTAGGCTCCAG 


6500 




Reduced palmitate 
Acvl"ACP-thioesterase 
Cuphea palusths 


ATGGTGGCTGCTGCAGCAAGTTCTGCATGUT 1 CCCTG 1 fCCAl CC 

CCAGGAGCCTCCCCTTAACCTGGGAAGTTAGGCAACTGGTCATCG 

AGTiTGAGCCCTTCCTTGAAGCCCAAGTCAA 


6501 


10 


Lys21Term 
AAA-TAA 


TTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATGACCAGTTGC 
CTAACTTCCCAGGTTAAGGGGAGGCTCCTGGGGATGGAACAGGG 
AAGCATGCAGAACTTGCTGCAGCAGCCACCAT 


6502 






CCTCCCCTIAACCTGGG 


6503 






CCCAGGTTAAGGGGAGG 


b5U4 




Reduced palmitate 
Acyi-AUr-tnioesierase 
Cuphea palustris 


GCTGCAGCAAGTTCTGCATGCTTCCCTGTTCCATCCCCAGGAGCC 
CCTTCCTTGAAGCCCAAGTCAATCCCCAATG 


6505 




Lys24Term 


CATTGGGGATTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATG 

APPAriTTftPrTAArTAnnfiAGGTTTAGGGGAGGCTCCTGGGGATG 

GAACAGGGAAGCATGCAGAACTTGCTGCAGC 


6506 






AACCTGGGIAGTTAGGC 


6507 






GCCTAACTACCCAGGTT 


6508 




Reduced palmitate 
Acvl-ACP-thioesterase 
Cuphea palusths 


TGCATGCTTCCCTGTTCCATCCCCAGGAGCCTCCCCTAAACCTGG 
GAAGTTAGGCAACTGATCATCGAGTTTGAGCCCTTCCTTGAAGCC 
CAAGTCAATCCCCAATGGCGGATTTCAGGTT 


6509 


20 


Trp28Term 
TGG-TGA 


AACCTGAAATCCGCCATTGGGGATTGACTTGGGCTTCAAGGAAGG 
GCTCAAACTCGATGATCAGTTGCCTAACTTCCCAGGI 1 lAGGGGA 
GGCTCCTGGGGATGGAACAGGGAAGCATGCA 


6510 






GGCAACTGATCATCGAG 


6511 






CTCrGA 1 GATCAbTTGOU 


00 IZ 




Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palustris 


CATGCTTCCCTGTTCCATCCCCAGGAGCCTCCCCTAAACCTGGGA 
AGTTAGGCAACTGGTGATCGAGTTTGAGCCCTTCCTTGAAGCCCA 
AGTCAATCCCCAATGGCGGATTTCAGGTTAA 


6513 


25 


Ser29Term 
TCA-TGA 


TTAACCTGAAATCCGCCATTGGGGATTGACTTGGGCTTCAAGGAA 
GGGCTGAAACTCGATCACCAGTTGCCTAACTTCCCAGGTTTAGGG 
GAGGCTCCTGGGGATGGAACAGGGAAGCATG 


6514 
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Pfant & TaraetBd 


AltetiiiiiOltQO^ . 


BEQm 
MO: 










CAACTGGTGATCGAGTT 


6515 




AACTCGATCACCAGTTG 


6516 


Reduced palmitate 
Acvl-ACP-thioesterase 
Cuphea hookeriana 


ATGGTGGCTGCCGCAGCAAGTTCTGCATTCTTCTCCGTTCCAACC 
CCGGGAATCTCCCCTTAACCCGGGAAGTTCGGTAATGGTGGCTTT 
CAGGTTAAGGCAAACGCCAATGCCCATCCTA 


6517 


Lys21Term 
AAA-TAA 


TAGGATGGGCATTGGCGTTTGCCTTAACCTGAAAGCCACCATTAC 

CGAACTTCCCGGGTTAAGGGGAGATTCCCGGGGTTGGAACGGAG 

AAGAATGCAGAACTTGCTGCGGCAGCCACCAT 


6518 




TCTCCCCTIAACCCGGG 


6519 




CCCGGGTTAAGGGGAGA 


6520 


Reduced palmitate 
Acyi-ALrr-tnioesterase 
Cuphea hookeriana 


GCCGCAGCAAGTTCTGCATTCTTCTCCGTTCCAACCCCGGGAATC 

1 LrULrLr 1 AAAUOOovjvj 1 Ao 1 1 LfOU 1 AA 1 vjvj 1 Vj^jLt 1 1 1 oAovj 1 1 AAo 

GCAAACGCCAATGCCCATCCTAGTCTAAAGT 


6521 


Lys24Term 

r\r\\J I t\\J 


AC 1 1 1 AGAC 1 AGGA 1 GGGCA 1 1 GGCG 1 1 1 GCC 1 1 AACC 1 GAAAGCC 
AACGGAGAAGAATGCAGAACTTGCTGCGGC 


6522 




AACCCGGGIAGTTCGGT 


6523 




ACCGAACTACCCGGGTT 


6524 


Reduced palmitate 

Acvl-ACP-thioesterase 
Cuphea hookeriana 


TTCTCCGTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTC 
GGTAATGGTGGCTTTTAGGTTMGGCAAACGCCAATGCCCATCCT 
AGTCTAAAGTCTGGCAGCCTCGAGACTGAAG 


6525 


Gln31Term 
CAG-TAG 


C 1 1 CAG 1 C 1 CGAGGC 1 GCCAGAC 1 1 1 AGAC 1 AGGA 1 GGGCA 1 1 GG 
CGTTTGCCTTAACCTAAAAGCCACCATTACCGAACTTCCCGGGTTT 
AGGGGAGATTCCCGGGGTTGGAACGGAGAA 


6526 




GTGGCTTTIAGGTTAAG 


6527 




CTTAACCTAAAAGCCAC 


6528 


Reduced palmitate 

Arvl-AnP-thinpcitprpcip 

Cuphea hookeriana 


GTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTCGGTAAT 
GGTGGCTTTCAGGTTTAGGCAAACGCCAATGCCCATCCTAGTCTA 
AAGTCTGGCAGCCTCGAGACTGAAGATGACA 


6529 


Lys33Term 
AAG-TAG 


TGTCATCTTCAGTCTCGAGGCTGCCAGACTTTAGACTAGGATGGG 
CATTGGCGTTTGCCTAAACCTGAMGCCACCATTACCGAACTTCCC 
GGGI 1 lAGGGGAGATTCCGGGGGTTGGAAC 


6530 




TTCAGGTTIAGGCAMC 


6531 




GTTTGCCTAAACCTGAA 


6532 



wo 01/92512 
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PlgmtSt Targeted 
Alteration 


Altering Oltg09 ^ ^ \\ 


MO: 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica rapa 


ATG 1 1 GAAGCTCTCGTGTAATGCGACTGATAAGTTACAGACCC I C 1 
TCTCGCATTCTCATTAACCGGATCCGGCACACCGGAGAACCGTCT 
CCTCCGTGTCGTGCTCTCATCTGAGGAAAC 


6533 


Gln21Term 
CAA-TAA 


GTTTCCTCAGATGAGAGCACGACACGGAGGAGACGGTTCTCCGGT 
GTGCCGGATCCGGTTAATGAGAATGCGAGAAGAGGGTCTGTAACT 
TATCAGTCGCATTACACGAGAGCTTCAACAT 


6534 




ATTCTCATTAACCGGAT 


6535 




AT'/>/>/^/^' 1 I'A AT/^A/^A AT 

ATCCGGTTAATGAGAAT 


6536 


Reduced palmitate 
Brassica rapa 


GCGACTGATAAGTTACAGACCCTCTTCTCGCATTCTCATCAACCGG 

/V 1 wOVJVJw/AwrVwv/VJVJ 1 VJJ/V\wV-/VJ 1 1 1 WW VP 1 VJ 1 WW 1 WW 1 w 1 wrA 1 w 

TGAGGAAACCGGTTCTCGATCCTTTGCGAG 


6537 


Arg28Term 
AGA-TGA 


CTCGCAAAGGATCGAGAACCGGTTTCCTCAGATGAGAGCACGACA 
CGGAGGAGACGGTTCACCGGTGTGCCGGATCCGGTTGATGAGAA 
TGCGAGAAGAGGGTCTGTAACTTATCAGTCGC 


6538 




CACACCGGIGAACCGTC 


6539 




GACGGTTCACCGGTGTG 


6540 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica rapa 


CCCTCTTCTCGCATTCTCATCAACCGGATCCGGCACACCGGAGAA 
CCGTCTCCTCCGTGTAGTGCTCTCATCTGAGGAAACCGGTTCTCG 
ATCCTTTGCGAGCGATCGTATCTGCTGATCA 


6541 


Ser24Term 
TCG-TAG 


TGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGGTTTC 
CTCAGATGAGAGCACTACACGGAGGAGACGGTTCTCCGGTGTGC 
CGGATCCGGTTGATGAGAATGCGAGAAGAGGG 


6542 




CTCCGTGTAGTGCTCTC 


6543 




GAGAGCACTACACGGAG 


6544 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica rapa 


CTTCTCGCATTCTCATCAACCGGATCCGGCACACCGGAGAACCGT 
CTCCTCCGTGTCGTGATCTCATCTGAGGAAACCGGTTCTCGATCC 
1 1 1 GCGAGCGATCGTATCTGCTGATCAAGGA 


6545 


Cys25Term 

TGC-TGA 
1 ^^^^ 1 1 


TCCTTGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGG 
1 1 1 CCTCAGATGAGATCACGACACGGAGGAGACGGTTCTCCGGTG 
TGCCGGATCCGGTTGATGAGAATGCGAGAAG 


6546 




GTGTCGTGATCTCATCT 


6547 




AGATGAGATCACGACAC 


6548 


Reduced palmitate 
Acyl-ACP-thioesterase 

Brassica napus 


ATTCTTCTTCTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGG 

GCATCAAAAATGTAGAAGCTTTCGTGTAATGTGACTAACAACTTAC 

ACACCTTCTCCTTCTTCTCCGATTCCTC 


6549 


Leu2Term 
TTG-TAG 


GAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTGTTAGTCACA 
TTACACGAAAGCTTCTACAI 1 1 1 IGAIGCCCI 1 1 1 1 1 1 1 1 lATGGTTC 
CTGAGGTnTGGTTTATAGAAGAAGAAT 


6550 



wo 01/92512 
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SEOID 

\ NO: 


Plants Targeted 
Migration 


' ' .■<f: 




AAAAAIGIAGAAGCI 1 1 


6551 




AAAbO TT CTACA 1 1 1 1 1 


crco 

booz 


Reduced palmitate 
Brassica napus 


■T" 1 ' ■ 1 ' ^^T**T* X^T" A AAA A A A A ./^ A A A ^\ A ^T^ AAAAAAAAAA ^\ ^\ 

TCTTCTTCTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGGG 

rATnAAAAATt^TTRTARCTTrnRTf^TAATfiTRAnTAACAAnTTACAC 

ACCTTCTCCTTCTTCTCCGATTCCTCCC 


6553 


LysSTerm 
AAG-TAG 


GGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTGTTAGTCA 
CATTACACGAAAGCTACAACAI 1 1 1 1 GAI GCGCI 1 1 1 1 1 1 1 1 1 ATGG 
TTCCTGAGGI 1 1 1 GGTTTATAGAAGAAGA 


6554 




AAATGTTGTAGCTTTCG 


6555 




CGAAAGCTACAACATTT 


6556 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 


AATGTTGAAGCTTTAGTGTAATGTGACTAACAACTTACACACCTTCT 
CCTTCTTCTCCGATTCCTCCCI 1 1 ICAT 


6557 


SerSTerm 


ATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTG 


6558 


TCG-TAG 


TOGTCACATTACACTAAAGCTTCAACAI 1 1 1 IGAIGCCCI 1 1 1 1 1 1 1 
TOTGGTTCCTGAGGI 1 1 IGGTTTATAG 






GAAGCTTTAGTGTAATG 


6559 




ATT" A A /^TA A A 

CATTACACTAAAGCTTC 


DOOU 


Reduced palmitate 
Acyl-ACP-thioesterase 

Brassica napus 


AAA A A A A ^^^^ A A A A AAAAAAAAAA A A A A A A 

AAACCAAAACCTCAGGAACCATAAAAAAAAAAGGGCATCAAAAATG 
TTGAAGCTTTCGTGAAATGTGACTAACAACTTACACACCTTCTCCTT 
CTTCTCCGATTCCTGCCI 1 1 ICATCCCG 


6561 


Cys6Term 
TGT-TGA 


GGGGATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTA 
AGTTGTTAGTCACATTTCACGAAAGGTTGAACAI 1 1 1 IGATGGGGTT 


6562 




1 1 1 1 1 1 1 lAIGGI IGCIGAGGI 1 1 IGGTTT 






GTTTCGTGAAATGTGAC 


6563 




GTGAGATTIGACGAAAG 


6564 
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Table 23 

Oligonucleotides to produce plants with increased stearate 



Phenotype, Oene, 
Alteration 


Altering V 1190$ ^ 




Increased stearate 

stearoyi-AOr 

desaturase 


GGGAGAGCTCTAGCTCTGTAGAAAAGAAGGATTCATTCATCATATC 

oAvjAAAIouLrlOl AlAol 1 lAAOOOl 1 1 00 1 vjoOA 1 0 1 OAoOO 1 lA 

CAAATTCCCTTCCTCGACTCGTCCGGCAA 


6565 


Arabidopsis thaliana 
Lys4 1 erm 
AAG-TAG 


TTGGCGGACGAGTCGAGGAAGGGAATTTGTAAGGCTGAGATGCCA 

/^/^ A A A/*^/^^XTA A A/^TAX A/^ AO/^/^ A 1 1 1 /^X/^^ AX AT/^ ATO A AX^A AX 

L/LAAAbob 1 1 AAAO 1 A 1 AbAbOOA 1 1 1 U 1 boA 1 A 1 bA 1 bAA 1 bAA 1 
CCTTCTTTTCTACAGAGCTAGAGCTCTCCC 


6566 




TGGCTCTAIAGTTTAAC 


6567 




GTTAAACTATAGAGCCA 


6568 


Increased stearate 

stearoyl-ACP 

desaturase 


CTCTGTAGAAAAGAAGGATTCATTCATCATATCCAGAAATGGCTCT 
AAAG 1 1 1 AACCCTTAGGTGGCATCTCAGCCTTAGAAATTCCCTTCC 
TCGACTCGTCGGCCAACTCCTTCTTTCAG 


6569 


Arabidopsis thaiiana 

LeuSTerm 

TTG-TAG 


CTGAAAGAAGGAGTTGGCGGACGAGTCGAGGAAGGGAATTTGTAA 
GGCTGAGATGCCAGCTAAGGGTTAAACTTTAGAGCCAl 1 ICTGGAT 
ATGATGAATGAATCCTTCI 1 1 ICTACAGAG 


6570 




TAACCCTTAGGTGGCAT 


6571 




atgccacciaagggtta 


6572 


Increased stearate 

stearoyi-Aur 

desaturase 


AGAAGGAi ICAI ICAICAIAICCAGAAAIGGCICIAAAGI 1 lAACC 

1 1 /^Oxr^^r^ AXr'XTA/^rT^XTAf^A A AXXO/^r'XTO/^X*^/^ A/^XOOX/^/^ 

UNI bb 1 bbUA 1 L. 1 1 AbUU 1 1 AUAAA 1 1 L.L.0 1 1 L>0 1 UbAL. 1 bb 1 bb 
GCCAACTCCTTCI M CAGATCTCCCAAGT 


6573 


Arabidopsis tlialiana 

\Z. 1 erm 
CAG-TAG 


ACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAGTCGAGGAA 

r^r^r^ A A'l 1 1 r^TA Ar'r^r^TA Ar^ ATf^f^r^ Ar^r^ A a ao^/^xxa a Ar'xxxAOA/^ 
bbbAAll 1 b 1 AAbbb 1 AAbA 1 bbbAbUAAAbbb 1 lAAAbl 1 lAbAb 

CCAI 1 1 CTGGATATGATGAATGAATCCTTCT 


6574 




TGGCATCTIAGCCTTAC 


6575 




GTAAGGCTAAGATGCCA 


6576 


Increased stearate 

stearoyl-ACP 

desaturase 


ICAI ICAICAIAICCAGAAAIGGCICIAAAGI 1 lAACCCI 1 IGGIG 

GCATCTCAGCCTTAGAAATTCCCTTCCTCGACTCGTCCGCCAACTC 

CTTCTTTCAGATCTCCCAAGTTCCTCTGC 


6577 


Arabidopsis tlialiana 

Phe14Term 

TAC-TAG 


GCAGAGGAACTTGGGAGATCTGAAAGAAGGAGTTGGCGGACGAG 
TCGAGGAAGGGAATrTCTAAGGCTGAGATGCGACCAAAGGGTTAA 
ACI 1 lAGAGCCATTTCTGGATATGATGAATGA 


6578 




CAGGCTTAGAAATTCCC 


6579 




GGGAATTTCTAAGGCTG 


6580 
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Phenotype^Gene, 
Pl^iit& Targeted 
Alteratlort 



Alt0riitgOligo$ 



SEQID 
MO: 



Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

LeuSTerm 

TTG-TAG 



GAGAGCTCGCTCGTGTCTGAAAGAACATCAAACCTCGTATCAAAAA 
AAAGAAAATGGCATAGAAGCTTAACCCTTTGGCATCTCAGCCTOC 
AAACTCCCTTCCTCGGCTCGTCCGCCAAT 



ATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGATGC 
CAAAGGGTTAAGCTTCIATGCCATTTTCI 1 1 1 1 1 1 IGATACGAGGTT 
TGATGTTCTTTCAGACACGAGCGAGCTCTC 



AATGGCATAGAAGCTTA 



TAAGCTTCTATGCCATT 



■B55T 



6582 



6583 



6584 



Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

Lys4Term 

AAG-TAG 



GAGCTCGCTCGTGTCTGAAAGAACATCAAACCTCGTATCAAAAAAA 
AGAAAATGGCATTGIAGCTTAACCCTTTGGCATCTCAGCCTOCAA 
ACTCCCTTCCTCGGCTCGTCCGCCAATCT 



6585 



AGATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGAT 
GCCAAAGGGTTAAGCTACAATGCCATTTTCI I I 1 1 1 1 IGATACGAG 
GTTTGATGTTCTTTCAGACACGAGCGAGCTC 



6586 



TGGCATTGTAGCTTAAC 



6587 



GTTAAGCTACAATGCCA 



6588 



Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

Leu8Term 

TTG-TAG 



TCTGAAAGAACATCAAACCTCGTATCAAAAAAAAGAAAATGGCATT 

GAAGCTTAACCCTTAGGCATCTCAGCCTTACAAACTCCCTTCCTCG 

GCTCGTCCGCCAATCTCTACTCTCAGATC 



6589 



GATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAAGGGAG 
GTAAGGCTGAGATGCCIAAGGGTTAAGCTTCAATGCCATTTTC 
TTTTTGATACGAGGTTTGATGTTCTTTCAGA 



6590 



TAACCCTTAGGCATCTC 



6591 



GAGATGCCTAAGGGTTA 



6592 



Increased stearate 
stearoyl-ACP 
desaturase 
Brassica napus 
Gin 11 Term 
CAG-TAG 



AACATCAAACCTCGTATCAAAAAAAAGAAAATGGCATTGAAGCTTAA 
CCCTTTGGCATCTIAGCCnACAAACTCCCTTCCTCGGCTCGTCCG 
CCAATCTCTACTCTCAGATCTCCCAAGT 



6593 



ACTTGGGAGATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAA 
GGGAGTTTGTAAGGCTAAGATGCCAAAGGGTTAAGCTTCAATGCC 
ATTTTCI 1 1 1 1 1 1 IGATACGAGGT7TGATGTT 



6594 



TGGCATCTTAGCCTTAC 



6595 



GTAAGGCTAAGATGCCA 



6596 



Increased stearate 
stearoyl-ACP 
desaturase 
Ricinus communis 
Gln27Term 
CAA-TAA 



AACCAAAAGAAAAAGGTAAGAAAAAAAACAATGGCTGTCAAGCTCA 
ATCCTTTCCTTTCTIAAACCCAAAAGTTACCTTCTTTCGCTCTTCCA 
CCAATGGCCAGTACCAGATCTCCTAAGT 



ACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGAAAGAAG 
GTAACTTTTGGGTTTAAGAAAGGAAAGGATTGAGCTTGAGAGCCAT 
TGI 1 1 1 II I ICTTACCTTTTTCTTTTGGTT 



6598 
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Plj3rtt& Targeted 




: SEQIB 

; ; MO : 




Alteration 










TCCTTTCTIAAACCCAA 


6599 






TTGGGTTTAAGAAAGGA 


6600 




Increased stearate 

stearoyl-AuP 

desaturase 


AAGAAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCAATC( 
TUO 1 1 1 U 1 UAAAUCTAAAAb 1 1 AUU 1 1 0 M 1 UbU 1 U 1 1 OOALOA 
GCCAGTACCAGATCTCCTAAGTTCTACA 


:TT 6601 

Alb 


c 
o 


Ricinus communis 

OlM^c/ 1 CI til 

CAA-TAA 


TGTAGAACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAG( 

AAVj/V\oo 1 AAU MM MOO 1 1 1 oMoA/AMoor\Mr\VJv3r\ 1 1 oMoO 1 1 

AGCCATTGI 1 1 1 1 1 1 ICI lACCI 1 1 1 ICTT 


:GA 6602 

OAO 






CTCAAACCTAAAAGTTA 


6603 






lAACI 1 1 lAGGI 1 IGAG 


6604 




Increased stearate 
desaturase 


AAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCAATCCTTl 
i 1 rnTnAAAncnAATARTTADnTTnTTTflRCTnTTCCIACCAATG 
CAGTACCAGATCTCCTAAGTTCTACATGG 


rCC 6605 
GC 


10 


Ricinus communis 

LvsSOTerm 

AAG-TAG 


CCATGTAGAACTTAGGAGATCTGGTACTGGCCATTGGTGGAAC 
CGAAAGAAGGTAACTATTGGG 1 1 1 GAGAAAGGAAAGGATTGAC 
TGAGAGCCATTGI 1 1 1 1 1 1 ICI lACCI 1 1 1 1 


BAG 6606 
3CT 






AAACCCAAIAGTTACCT 


6607 






AGGTAACTATTGGGTTT 


6608 


15 


Increased stearate 

stearovl-ACP 

desaturase 


TCTCAAACCCAAAAGTTACCTTCTTTCGCTCTTCCACCAATGG( 
GTACCAGATCTCCTTAGTTCTACATGGCCTCTACCCTCAAGTC 
TTCTAAGGAAGTTGAGAATCTCAAGAAGC 


:CA 6609 
TGG 




Ricinus communis 

LyoT'D 1 cllll 

AAG-TAG 


GCTTCTTGAGATTCTCAACTTCCTTAGAACCAGACTTGAGGGT 
rsopp ATOTArs A Ar'TA Ar^r^ArsATPTnrjTAPT^^rjpr^ATTr^^^Trirrt 

AGCGAAAGAAGGTAACI 1 1 IGGGTTTGAGA 


^GA 6610 

AAv3 






GATCTCCTTAGTTCTAC 


6611 






GTAGAACTAAGGAGATC 


6612 




Increased stearate 

siearoyi-AL>r 

desaturase 


TCTTCTGATTCATTTAATCTTTACTCATCAATGGCTCTGAGACK 

r^PPTATPPPPAPPTAAAPPTTPTr^PPTPPPPPAAATr^r^PPAr^l 

LrUO 1 A 1 ULrUUAUU 1 AAAUU 1 1 Lr 1 1 OLrUL»LrAAA 1 OOULrAO 

CAGATCTCCCAGGTTCCGCATGGCCTCTA 


3AA 6613 

rPT 




Glycine max 

GInllTerm 

CAA-TAA 


tagaggccatgcggaacctgggagatctgagactggccattt 
gggagggagaaggtttaggtggggatagggttcagtctcag; 
cattgatgagtaaagattaaatgaatcagaaga 


GG 6614 
\GC 






tccccacciaaaccttc 


6615 






GAAGGTTTAGGTGGGGA 


6616 
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'Ptot& Targeted 




SEOID 

? HO: 


Altering Oligos ' ^ \ 


Alteration 






Increased stearate 

stearoyi-ALrr 

desaturase 


CTTTACTCATCAATGGCTCTGAGACTGAACCCTATCCCCACCCAAA 
r^r^TTr^Tor^r^Too/^r'TA a ATr^r^r^r^A^Tr^Tr^A/^ATr*T/^r^OAr^/^TTr»r^ 

GCATGGCCTCTACCCTCCGCTCCGGTTCCA 


6617 


Glycine max 

yjli III i CI 1 1 1 

CAA-TAA 


TGGAACCGGAGCGGAGGGTAGAGGCCATGCGGAACCTGGGAGAT 
AGGGTTCAGTCTCAGAGCCATTGATGAGTAAAG 


6618 




CCCTCCCCIAAATGGCC 


6619 




GGCCATTTAGGGGAGGG 


6620 


Increased stearate 

stearovl-ACP 

desaturase 


GGTCTGAGACTGAACCCTATCCCCACCCAAACCTTCTCCCTCCCC 
CAAATGGCCAGTCTCTGATCTCCCAGGTTCCGCATGGCCTCTACC 
CTCCGCTCCGGTTCCAAAGAGGTTGAAAATA 


6621 


Glycine max 

Arg22Term 

AGA-TGA 


lAI 1 1 ICAACCICI 1 IGGAACCGGAGCGGAGGGIAGAGGCCAIGC 
GGAACCTGGGAGATCAGAGACTGGCCATTTGGGGGAGGGAGAAG 
GTTTGGGTGGGGATAGGGTTCAGTCTCAGAGC 


6622 




CCAGTCTCTGATCTCCC 


6623 




GGGAGATCAGAGACTGG 


6624 


Increased stearate 

stearovl-ACP 

desaturase 


CAAATGGCCAGTCTCAGATCTCCCAGGTTCCGCATGGCCTCTACC 
CTCCGCTCCGGTTCCTAAGAGGTTGAAAATATTAAGAAGCCATTCA 
CTCGTCCCAGAGAAGTGCATGTTCAAGTAA 


6625 


Glycine max 
AAA-TAA 


TTAGTTGAACATGCACTTCTCTGGGAGGAGTGAATGGCTTCTTAAT 
GAACCTGGGAGATGTGAGACTGGCCATTTG 


6626 




CCGGTTCCTAAGAGGTT 


6627 




AACCTCTTAGGAACCGG 


6628 


Increased stearate 

stearovl-ACP 

desaturase 


CAACAAGCACACACAAGAACAACATCAACAATGGCGATTCGCATCA 
ATACGGCGACGTTTTAATCAGACCTGTACCGTTCATTCGCGTTTCC 
TCAACCGAAACCTCTCAGATCTCCCAAAT 


6629 


Helianthus annuus 
Gin 11 Term 
CAA-TAA 


A 1 1 1 GGGAGA 1 G 1 GAGAGG 1 1 1 GGG 1 1 GAGGAAAGGCGAA 1 GAAG 
GGTACAGGTCTGATTAAAACGTCGCCGTATTGATGCGAATCGCCA 
TTGTTGATGTTG1TCTTGTGTGTGCTTGTTG 


6630 




CGACGrmAATCAGAG 


6631 




GTCTGATTAAAACGTCG 


6632 


Increased stearate 

stearoyl-ACP 

desaturase 


AAGCACACAGAAGAAGAACATCAACAATGGCGATTGGCATCAATAC 
GGCGACGTTTCAATGAGACCTGTACCGTTCATTCGCGTTTCCTCAA 

GGGAAACCTGTCAGATGTGGCAAATTCGC 


6633 


Helianthus annuus 

Ser12Term 

TCA-TGA 


GCGAATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAAACGCGAAT 
GAACGGTACAGGTCTCATTGAAACGTCGCCGTATTGATGCGAATC 
GCCATTGTTGATGTTGTTCTTGTGTGTGCTT 


6634 



wo 01/92512 
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Pihenotype, Gene, 

Alteration 


AltefiitctDltaod 


SEQJD 
NO: 




GTTTCAATGAGACCTGT 


6635 




ACAGGTCTCATTGAAAC 


6636 


Increased stearate 

<5tf^aravl-ACP 

desaturase 


AAGAACAACATCAACAATGGCGATTCGCATCAATACGGCGACGTTT 
CAATCAGACCTGTAGCGTTCATTCGCGTTTCCTCAACCGAAACCTC 
TCAGATCTCCCAAATTCGCCATGGCTTCC 


6637 


Helianthus annuus 
Tyr1 STerm 
TAC-TAG 


GGAAGCGATGGCGAATTTGGGAGATCTGAGAGGTTTCGGTTGAGG 

AAACGCGAATGAACGGTACAGGTCTGATTGAAACGTCGCCGTATT 

GATGCGAATCGCCATTGTTGATGTTGTTCTT 


6638 




GACCTGTAGCGTTCATT 


6639 




AATGAACGCTACAGGTC 


6640 


Increased stearate 

«5tparovl-ACP 

desaturase 


CAACATCAACAATGGCGATTCGCATCAATACGGCGACGTTTCAATC 
AGACCTGTACCGTTGATTCGCG 1 1 i CCTCAACCGAAACCTCTCAGA 
TCTCCCAAATTCGCCATGGCTTCCACCAT 


6641 


Helianthus annuus 

Oci 1 / 1 CI ill 

TCA-TGA 


ATGGTGGAAGCCATGGCGAATTTGGGAGATCTGAGAGGTTTCGGT 
GTATTGATGCGAATCGCCATTGTTGATGTTG 


6642 




GTACCGTTGATTCGCGT 


6643 




ACGCGAATCAACGGTAC 


6644 


Increased stearate 

t^fpprovl-ACP 
desaturase 


ACACACAACACACACTCAATCACACACACATCATCATCnCTTCATC 
AACGATGGCGCTTTGAATGAGTCCGGTGACGCTTCAACGGGAGAT 
ATATCCTTCATACACI 1 1 ICATCAATCGA 


6645 


Helianthus annuus 

Arg4Term 

CGA-TGA 


TCGATTGATGAAAAGTGTATGAAGGATATATCTCCCGTTGAAGCGT 
CACCGGACTCATTCAAAGCGCCATCGTTGATGAAGAAGATGATGA 
TGTGTGTGTGATTGAGTGTGTGTTGTGTGT 


6646 




TGGCGCTTIGAATGAGT 


6647 




ACTCATTCAAAGCGCCA 


6648 


Increased stearate 

oLcdl Uyi-MOr 

desaturase 


ACACACACATCATCATCTTCTTCATCAACGATGGCGCTTCGAATGA 
TCAATCGAAAAATCTCAGATCTCCTAAAT 


6649 


Helianthus annuus 

GInllTerm 

CAA-TAA 


Al 1 lAGGAGAICIGAGAI 1 1 1 ICGAI IGAIGAAAAGIGIAIGAAGG 
ATATATCTCCCGTTAAAGCGTCACCGGACTCATTCGAAGCGCCAT 
CGTTGATGAAGAAGATGATGATGTGTGTGT 


6650 




TGACGCTTTAACGGGAG 


6651 




GTCCCGTTAAAGCGTCA 


6652 
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Plant & Targeted 


Altering Ollgod 


SEOID 
KO: 






Increased stearate 

stearovl-ACP 

desaturase 


ACATCATCATCTTCTTCATCAACGATGGCGCTTCGAATGAGTCCGG 
TGACGCTTCAACGGTAGATATATCCTTCATACACI 1 1 1 CATCAATCG 
AAAAATCTCAGATCTCCTAAATTCGCGA 


6653 


Helianthus annuus 

Glu13Term 

GAG-TAG 


lUGCGAAl 1 lAUGAGAiCIGAGAI 1 1 1 ICGAI IGAIGAAAAGIGIA 
TGAAGGATATATCTACCGTTGAAGCGTCACCGGACTCATTCGAAG 
CGCCATCGTTGATGAAGAAGATGATGATGT 


6654 




TTCAACGGIAGATATAT 


6655 




ATATATCTACCGTTGAA 


6656 


Increased stearate 

stearovl-ACP 

desaturase 


ATCTTCTTCATCAACGATGGCGCTTCGAATGAGTCCGGTGACGCTT 
CAACGGGAGATATAGCCTTCATACAC 1 FTrCATCAATCGAAAAATCT 
CAGATCTCCTAAATTCGCGATGGCTTCC 


6657 


Helianthus annuus 

Tvrl '^Tprm 
1 y 1 1 V/ 1 v;i 1 1 1 

TAT-TAG 


GGAAGCCAICGCGAAI 1 1 AGGAGA 1 C 1 GAGA 1 1 1 1 ICGAI IGAIGA 
ATTCGAAGCGCCATCGTTGATGAAGAAGAT 


6658 




GAGATATAGCCTTCATA 


6659 




TATGAAGGCTATATCTC 


6660 


Increased stearate 

<5tparovl-ACP 
desaturase 


AACTCAGCCAGCTTGCCCCCAAACAACAGCGCAGAAAAACCTTCA 

ACAACAATGGCTCTCTAGCTCAACCCAGTCACCACCTTCCCTTCAA 

CACGCTCCCTCAACAACTTCTCCTCCAGAT 


6661 


Linum usitatissimum 

Lys4Term 

AAG-TAG 


ATCTGGAGGAGAAGTTGTTGAGGGAGCGTGTTGAAGGGAAGGTG 
GTGACTGGGTTGAGCTAGAGAGCCATTGTTGTTGAAGGI 1 1 1 ICTG 
CGCTGTTGTTTGGGGGCAAGCTGGCTGAGTT 


6662 




TGGCTCTCIAGCTCAAC 


6663 




GTTGAGCTAGAGAGCCA 


6664 


Increased stearate 

stearoyi-AUr 

desaturase 


GCGCAGAAAAACCTTCAACAACAATGGCTCTCAAGCTCAACCCAG 
ATCTCCTCGCACCTTTCTCATGGCTGCTTC 


6665 


Linum usitatissimum 

Owl 1 O i CI 1 1 1 

TCA-TGA 


GAAGCAGCCATGAGAAAGGTGCGAGGAGATCTGGAGGAGAAGTT 

r5TTf5Af^f^(^;A<^P(^TriTTPAA<^r^r!AAf5riTf5ftT(^APTrif5riTTr^Af5PT 

O 1 1 OAVjOOAvJoO loll V/f\r\OV3VJAr\00 1 VJVJ 1 OMVy 1 OVJO 1 1 Or\0«-» 1 

TGAGAGCCATTGTTGTTGAAGGI 1 1 1 ICTGCGC 


6666 




CTTCCCTTGAACACGCT 


6667 




AGCGTGTTCAAGGGAAG 


6668 


Increased stearate 

stearoyl-ACP 

desaturase 


CTCAAGCTCAACCCAGTCACCACCTTCCCTTCAACACGCTCCCTC 
AACAACTTCTCCTCCTGATCTCCTCGCACCTTTCTCATGGCTGCTT 
CCACTTTCAATTCCACCTCCACCAAGTAAG 


6669 


Linum usitatissimum 

Arg23Term 

AGA-TGA 


CTTACTTGGTGGAGGTGGAATTGAAAGTGGAAGCAGCCATGAGAA 
AGGTGCGAGGAGATCAGGAGGAGAAGTTGTTGAGGGAGCGTGTT 
GAAGGGAAGGTGGTGACTGGGTTGAGCTTGAG 


6670 
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SEQiD 
MO: 




TCTCCTCCIGATCTCCT 


6671 




AGGAGATCAGGAGGAGA 


6672 


Increased stearate 

stearovl-ACP 

desaturase 


TCCTCCAGATCTCCTCGCACCTTTCTCATOGCTGCTTCCACTTTCA 
ATTCCACCTCCACCTAGTAAGCATCTCCTCCTCCTCGGAATCTCCG 
CCGAI 1 1 CI 1 1 lAAGCGATTGATCGTAGA 


6673 


Linum usitatissimum 

uy o'T 1 1 d 1 1 1 

AAG-TAG 


TCTACGATCAATCGCTTAAAAGAAATCGGCGGAGATTCCGAGGAG 
CCATGAGAAAGGTGCGAGGAGATCTGGAGGA 


6674 




CCTCCACCIAGTAAGCA 


6675 




TGCTTACTAGGTGGAGG 


6676 


Increased stearate 

^tparovl-ACP 

desaturase 


ATGGCACTGAAACTnGCTTTCCACCCCACAAGATGCCTTCCTTCC 
CCGATGCTCGTATCTGATCTCACAGGG 1 1 1 ICATGGCTTCAACTAT 
TCATTCTCCTTCTATGGAGGTCGGAAAAG 


6677 


Olea europaea 

Arg21Term 

AGA-TGA 


CTTTTCCGACCTCCATAGAAGGAGAATGAATAGTTGAAGCCATGAA 
AACCCTGTGAGATCAGATACGAGCATCGGGGAAGGAAGGCATCTT 
GTGGGGTGGAAAGCAAAGTTTCAGTGCCAT 


6678 




CTCGTATCTGATCTCAC 


6679 




^^^^ A A ^f.^^ M A 1^ A ^^^^ A 

GTGAGATCAGATACGAG 


6680 


Increased stearate 

siearoyi-AUr 

desaturase 


CCCACAAGATGCCTTCCTTCCCCGATGCTCGTATCAGATCTCACA 

Uoo MM OA 1 ooU 1 1 bAALr 1 A M L/A M U 1 L»0 1 1 0 1 A 1 vjoAUo 1 Uoo 

AAAAGTTAAAAAGCCTTTCACGCCTCCACG 


6681 


Olea europaea 
TCA-TGA 


CG 1 GGAGGCG 1 GAAAGGC 1 1 1 1 1 AAC 1 1 1 1 CCGACC 1 CCA 1 AGAAG 
f^AfiAATRAATAfiTTrAAftrrATftAAAArrrTftTPiAfTATnTfiATAfir; 

AGCATCGGGGAAGGAAGGCATCTTGTGGG 


6682 




CATGGCTTGAACTATTC 


6683 




GAATAGTTCAAGCCATG 


6684 


Increased stearate 
desaturase 


GAIGCICGIAICAGAICICACAGGGI 1 1 ICAIGGCI ICAACIAI IC 
ATTPTrrTTrTATriTAnf^TrftfiAAAAfiTTAAAAAfiCCTrTnACfiCC 

TCCACGAGAGGTACATGTTCAAGTAACCC 


6685 


Olea europaea 

Glu37Term 

GAG-TAG 


GGGTTACTTGAACATGTACCTCTCGTGGAGGGGTGAAAGGCTnTT 
AACI 1 1 ICCGACCTACATAGAAGGAGAATGAATAGTTGAAGCCATG 
AAAACCCTGTGAGATCTGATACGAGCATC 


6686 




CTTCTATGIAGGTCGGA 


6687 




TCCGACCTACATAGAAG 


6688 
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Phetiolype, Gene, 
^ PlaJit& Targeted 
Alteration 




SEQ© 
HO: 




Alterifl90ltgo$ 

\% \ 




Increased stearate 

stearovl-ACP 

desaturase 


CGIAICAGAICICACAGGGI 1 1 ICAIGGCI ICAACIAt ICAI ICIC 

CTTCTATGGAGGTCTGAAAAGTTAAAAAGCCTTTCACGCCTCCACG 

AGAGGTACATGTTCAAGTAACCCATTCCT 


6689 




0/ea europaea 

\jiy\j\j 1 ci 111 

GGA-TGA 


AGGAATGGGTTACTTGAACATGTACCTCTCGTGGAGGCGTGAAAG 

OtCW 1 riAAfl 1 \ 1 PAr^ArPTrPATAnAAr^f^AnAATnAATAriTTnA 

1 1 J J J r\r\\j J J ] ] oMOrW^vx 1 I MOMMOVJMOrVri 1 OMM J MVJ 1 1 \3r\ 

AGCCATGAAAACCCTGTGAGATCTGATACG 


6690 






TGGAGGTCIGAAAAGTT 


6691 






AACI 1 1 ICAGACCICCA 


6692 




Increased stearate 

stearovl-ACP 

desaturase 


TTCTCGTTTTTGTCGTCCCCTCTGCTCTCTCTCTCTATCAGGCACG 
GAGAAATGGCACTGTAACTCAGTCCAGTCATGTTTCAATCTCAGAA 
GCTTCCATTTCTTGCCTCCTATCCGCCTT 


b693 


10 


Persea amehcana 

Lys4Term 

AAA-TAA 


AAGGCGGATAGGAGGCAAGAAATGGAAGCTTCTGAGATTGAAACA 
TGACTGGAeTGAGTTACAGTGCCATTTCTCCGTGCCTGATAGAGA 
GAGAGAGCAGAGGGGACGACAAAAACGAGAA 


6694 






TGGCACTGIAACTCAGT 


6695 






ACTGAGTTACAGTGCCA 


6696 


15 


Increased stearate 

stearoyi-Aur 

desaturase 


CTGCTCTCTCTCTCTATCAGGCACGGAGAAATGGCACTGAAACTC 

Ao I LrLrAvj 1 UA 1 U 1 1 1 1 AA 1 U 1 LrAoAAoLr 1 1 UUA 1 1 1 0 1 1 ooU 1 LrU 1 A 

TCCGCCTTCCAATCTCAGATCTCCGAGGG 


6697 




Persea americana 

Oil 1 1 1 1 CI 111 

CAA-TAA 


CCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGGCAAGAAAT 

rsrSAARrTTPTrSAfSATTAAAAf^ATfiAf'TrsrSAPTfiArSTTTr'AfiTRr'r'A 

OOMMV3<^ 1 1 O 1 \3r\\3r\ 1 1 MMMMOM 1 1 V30Mw 1 OMU 1 1 1 \jrVJ I 

1 1 ICTCCGTGCCTGATAGAGAGAGAGAGCAG 


6698 






TCATGTTTTAATCTCAG 


6699 






CTGAGATTAAAACATGA 


6700 


20 


Increased stearate 

stearovl-ACP 

desaturase 


TCTCTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTCCA 
GTCATGTTTCAATCTTAGAAGCTTCCATTTCTTGCCTCCTATCCGC 
CTTC'CAATCTCAGATCTCCGAGGGI 1 1 ICA 


6701 




Persea amehcana 

Gln13Term 

CAG-TAG 


TGAAAACCCTCGGAGATCTGAGATTGGAAGGCGGATAGGAGGCAA 
GAAATGGAAGCTTCTAAGATTGAAACATGACTGGACTGAGTTTCAG 
TGCCAI 1 ICTCCGTGCCTGATAGAGAGAGA 


6702 






TTCAATCTTAGAAGCn 


6703 






AAGCTTCTAAGATTGAA 


6704 


25 


Increased stearate 

stearoyl-ACP 

desaturase 


CTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTGCAGTC 
ATGTTTCAATCTCAGIAGCTTCCATTTCTTGCCTCCTATCCGCCTTC 

CAATCTCAGATCTCCGAGGGI 1 1 ICATGG 


6705 


30 


Persea americana 

Lys14Term 

AAG-TAG 


CCATGAAAACCCTCGGAGATCTGAGATTGGAAGGGGGATAGGAGG 
CAAGAAATGGAAGCTACTGAGATTGAAACATGACTGGACTGAGTTT 
CAGTGCCATTTCTCCGTGCCTGATAGAGAG 


6706 
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Pher)otype,<3en€^ 




MO: 


. . . Mfs&aISm 




A 


ATCTCAGIAGCTTCCA 


6707 


T 


GGAAGCTACTGAGATT 


6708 


Increased stearate c 
stearoyl-ACP A 
desaturase G 


ICCCGAGATCTCGCTGCCGCTGCTCATGGCGTTCGCGGCGTCCC 

CACCGCATCGCCGTAGTCCTGCGGCGGCGTGGCGCAGAGGAG 

5AGCAATGGGATGTCGAAGATGGTGGCCATGGCC 


6709 


Oryza sativa Q 
Tyr12Term C 
TAC-TAG A 


5GCCATGGCCACCATCTTCGACATCCCATTGCTCCTCCTCTGCGC 
lACGCCGCCGCAGGACTACGGCGATGCGGTGTGGGACGCCGCG 
ACGCCATGAGCAGCGGCAGCGAGATCTCGGGG 


6710 


T 


CGCCGTAGTCCTGCGG 


6711 


c 


/CGCAGGACTACGGCGA 




Increased stearate C 
desaturase T 


JTGCTCATGGCGTTCGCGGCGTCCCACACCGCATCGCCGTACTC 
GGTGGCCATGGCCTCCACCATCAACAGGGTCA 


6713 


Oryza sativa T 
Gln19Term C 
CAG-TAG C 


GACCCTGTTGATGGTGGAGGCCATGGCCACCATCTTCGACATCC 
lATTGCTCCTCCTCTACGCCACGCCGCCGCAGGAGTACGGCGAT 
5CGGTGTGGGACGCCGCGAACGCCATGAGCAG 


6714 


C 


5CGTGGCGIAGAGGAGG 


6715 


C 


;CTCCTCTACGCCACGC 


6716 


Increased stearate C 

stearoyl-ACP C 
desaturase T 


JCCACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAG 
5AGGAGCAATGGGATGTAGAAGATGGTGGCCATGGCCTCCACCA 
"CAACAGGGTCAAGACTGCTAAGAAGCCCTACAC 


6717 


Oryza sativa C 
Ser26Term P 
TCG-TAG C 


5TGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGGAGGCC 

iTGGCCACCATCnCIACATCCCATTGCTCCTCCTCTGCGCCACG 

ICGCCGCAGGAGTACGGCGATGCGGTGTGGG 


6718 


T 


GGGATGTAGAAGATGG 


6719 


c 


/CATCTTCTACATCCCA 


D/zU 


Increased stearate C 
stearovl-ACP C 
desaturase C 


JACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAGGAG 
SAGCAATGGGATGTCGTAGATGGTGGCCATGGCCTCCACCATCAA 
5AGGGTCAAGACTGCTAAGAAGCCCTACACTC 


6721 


Oryza sativa C 
Lys27Ternfi C 
AAG-TAG C 


5AGTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGGAGG 
JCATGGCCACCATCTACGACATCCCATTGCTCCTGCTCTGCGGCA 
)GCCGCCGCAGGAGTACGGCGATGCGGTGTG 


6722 


C 


5GATGTCGIAGATGGTG 


6723 


C 


)ACCATCTACGACATCC 


6724 
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nSEQID 




Altering Oligos 


; NO: 




•jiii^i-j-iii^^^^^ift:::::::::::::::: 




Increased stearate 

stearovl-ACP 

desaturase 


ttctctctctaggttgagcggttaccaacagaagcacttaggag; 

GAGAAGCAATGGCGTAGAAGCTTCACCACACGGCCTTCAATCCT 
CCATGGCGGTTACCTCTTCGGGACTTCCTCG 


\ 6725 
T 


Simmondsia chinensis 

Leu3Term 

TTG-TAG 


CGAGGAAGTCCCGAAGAGGTAACCGCCATGGAAGGATTGAAGG 
CGTGTGGTGAAGCTTCTACGCCATTGCTTCTCTCTCCTAAGTGC1 
CTGTTGGTAACCGCTCAACCTAGAGAGAGAA 


C 6726 

n 




AATGGCGTAGAAGCTTC 


6727 




GAAGCTTCTACGCCATT 


6728 


Increased stearate 

siearoyi-ALrr 

desaturase 


ctctctctaggttgagcgg™ccaacagaagcacttaggagag 

A A OP A ATr^/^r^/^TT/^TA Or^TTO A Pf^ A A f^^r^r^C'TTO' A ATr^r^TTr^/ 
oAAoOAA 1 ooLrv:? 1 1 o 1 AoU 1 1 0 ALrUALrALrooL/Lr 1 1 OAA 1 1 1 0\ 

atggcgg™cctcttcgggacttcctcgat 


A 6729 


Simmondsia chinensis 

1 \/<^4Tprrn 

L-y i d 1 1 1 

AAG-TAG 


atcgaggaagtcccgaagaggtaaccgccatggaaggattgaac 

nPPfiT^^Tf^f^TfiAAJ^PTAr'AArnPPATTf^PTTPTPTr'TPrTAAfiTl 
0>-rV^O 1 O 1 VJO 1 OrvAOw 1 Mv/r\r\OvjV^\^r\ 1 1 OV-> 1 1 w 1 i 1 Vi/w 1 MAO 1 ' 

cttctgttggtaaccgctcaacctagagagag 


5 6730 

r\ 




tggcgttgiagcttcac 


6731 




gtgaagctacaacgcca 


6732 


Increased stearate 

stearovl-ACP 

desaturase 


aagcaatggcgttgaagcttcaccacacggccttcaatccttccy 
ggcggttacctcttagggacttcctcgatcgtatcacctcagak 

TCACCGCGI 1 1 ICATGGCTTCTTCTACAAT 


M 6733 


Simmondsia cliinensis 
Ser1 9Term 
TCG-TAG 


ATTGTAGAAGAAGCCATGAAAACGCGGTGAGATCTGAGGTGATAI 
GATCGAGGAAGTCCCTAAGAGGTAACCGCCATGGAAGGATTGAya 
GCCGTGTGGTGAAGCTTCAACGCCATTGCTT 


Z 6734 




TACCTCTTAGGGACTTC 


6735 




GAAGTCCCTAAGAGGTA 


6736 


Increased stearate 

stearoyl-ACP 

desaturase 


GCAATGGCGTTGAAGCTTCACCACACGGCCTTCAATCCTTCCAK 
GCGGTTACCTCTTCGTGACTTCCTCGATCGTATCACCTCAGATCl 
ACCGCGI 1 1 ICATGGCTTCTTCTACAATTG 


3 6737 

c 


Simmondsia chinensis 

RIvPOTprm 

\jiy £-\j 1 ^1 1 1 1 

GGA-TGA 


CAATTGTAGAAGAAGCCATGAAAACGCGGTGAGATCTGAGGTGA 
Arr5ATrr?Ar5riAAf^TrAPf5AAj^ARRTAArr<^ppATr;r;AAr5f5ATTf 

AGGCCGTGTGGTGAAGCTTCAACGCCATTGC 


T 6738 
5A 




CCTC1TCGTGACTTCCT 


6739 




AGGAAGTCACGAAGAGG 


6740 


Increased stearate 

stearoyl-ACP 

desaturase 


TGGCTCTGAATCTCAACCCCGTTTCCACACCATTTCAGTGTCGTC 
ATTGCCGTCTTTCTGACCTCGTCAAACGCCTTCTCGCAGATCTCC 
AAATTCTTCATGGCTTCCACTCTCAGCAG 


;G 6741 


Spinacia oieracea 

Ser21Term 

TCA-TGA 


CTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATCTGCGAGy^ 
GGCGTTTGACGAGGTCAGAAAGACGGCAATGGACGACACTGAA/ 
GGTGTGGAAACGGGGTTGAGATTCAGAGCCA 


A 6742 
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Pl3flt&Targ0te<l 




sea tD 

i MO: , 




GTCTTTCTGACCTCGTC 


6743 




A f^/^ A /^/^T^ A AAA A 

GACGAGGTCAGAAAGAC 


6744 


Increased stearate 

b Lc d 1 U y 1 -MV^ r 

desaturase 


AAI U 1 UAAUUUUCi 1 1 1 UUAUACCAI 1 1 CAG 1 G 1 CG 1 CGAI 1 GCCG 1 
CATGGCTTCCACTCTCAGCAGCTCTTCTC 


6745 


Spinacia oleracea 

Gln24Term 

CAA-TAA 


GAGAAGAGCTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATC 

TGCGAGAAGGCGTTTAACGAGGTGAGAAAGACGGCAATCGACGA 

CACTGAAATGGTGTGGAAACGGGGTTGAGATT 


6746 




CACCTCGTIAAACGCCT 


6747 




AGGCGTTTAACGAGGTG 


6748 


Increased stearate 

stearoyl-ACP 

desaturase 


TCCACACCATTTCAGTGTCGTCGATTGCCGTGTTTCTCACCTCGTC 
AAACGCCTTCTCGCTGATCTCCCAAATTCTTCATGGCTTCCACTCT 
CAGCAGCTCTTCTCCTAAGGAAGCGGAAA 


6749 


Spinacia oleracea 

Arg29Term 

AGA-TGA 


1 1 1 CCGC 1 1 CC 1 1 AGGAGAAGAGC 1 GU 1 GAGAG 1 GGAAGCCA 1 GA 

AGAATTTGGGAGATCAGCGAGAAGGCGTTTGACGAGGTGAGAAAG 

ACGGCAATCGACGACACTGAAATGGTGTGGA 


6750 




CTTCTCGCIGATCTCCC 


6751 




GGGAGATCAGCGAGAAG 


6752 


Increased stearate 

stearoyl-ACP 

desaturase 


TTTCAGTGTCGTCGATTGCCGTCTTTCTCACCTCGTCAAACGCCTT 
CTCGCAGATCTCCCTAATTCTTCATGGCTTCCACTCTCAGCAGCTC 
TTCTCCTAAGGAAGCGGAAAGCCTGAAGA 


6753 


Spinacia oleracea 

Lvs32Term 

AAA-TAA 


TCTTCAGGCTTTCCGCTTCCTTAGGAGAAGAGCTGCTGAGAGTGG 
AAGCCATGAAGAATTAGGGAGATCTGCGAGAAGGCGTTTGACGAG 
GTGAGAAAGACGGCAATCGACGACACTGAAA 


6754 




GATCTCCCIAATTCTTC 


6755 




GAAGAATTAGGGAGATC 


6756 


Increased stearate 

stearovl-ACP 

desaturase 


AAATAGTGGAGGTGAAAAACAGAGCATCAACAATGGCACTGAATAT 
CAATGGGGTGTCGTGAAAATCTCACAAAATGTTACCATTTCCTTGT 
TCTTCAGCCAGATCTGAGCGAG 1 1 1 1 CAT 


6757 


Solanum tuberosum 

LeulOTerm 

TTA-TGA 


ATGAAAACTCGCTCAGATCTGGCTGAAGAACAAGGAAATGGTAACA 
1 1 1 IGIGAGAI 1 1 ICACGACACCCCATTGATATTCAGTGCCATTGTT 
GATGCTCTG 1 1 1 1 1 CACC 1 CGAC IAIN. 


6758 




GGTGTCGTGAAAATCTC 


6759 




GAGAI 1 1 ICACGACACC 


6760 
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SEQID 


Alteration 


^ Altering 0llg03 ^ . "> 


MO: 


Increased stearate 

stearoyl-ACr 

desaturase 


ATAGTCGAGGTGAAAAACAGAGCATCAACAATGGCACTGAATATCA 
AT bbbb 1 b 1 Obi 1 ATAA 1 L> 1 UAuAAAA 1 b 1 1 AOUA 1 1 1 UL 1 1 b 1 1 L» 1 
TCAGCCAGATCTGAGCGAGI 1 1 ICATGG 


6761 


Solanum tuberosum 

Lyo 1 1 1 CI III 

AAA-TAA 


CCATGAAAACTCGCTCAGATCTGGCTGAAGAACAAGGAAATGGTA 

A P ATTTTnTfi A ATT A T A A P <^ A P A OPPP ATTC AT ATTP A riTCOP ATT 

GTTGATGCTCTGI 1 1 1 1 CACCTCGACTAT 


6762 




TGTCGTTAIAATCTCAC 


6763 




GTGAGATTATAACGACA 


6764 


Increased stearate 
desaturase 


GTGAAAAACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGT 
CGTTAAAATCTCACTAAATGTTACCATTTCCTTGTTCTTCAGCCAGA 
TCTGAGCGAGI 1 1 1 CATGGCTTCAACCA 


6765 


Solanum tuberosum 
Lvs14Term 

mmm J \^ III III 

AAA-TAA 


TGGTTGAAGCCATGAAAACTCGCTCAGATCTGGCTGAAGAACAAG 
GAAATGGTAACATTTAGTGAGAI 1 1 1 AACGACACCCCATTGATATTC 
AGTGCCATTGTTGATGCTCTGI 1 1 1 ICAC 


6766 




AATCTCACIAAATGTTA 


6767 




TAACATTTAGTGAGATT 


6768 


Increased stearate 

c;tparnvl-AnP 

desaturase 


ACAGAGCATCAACAATGGCACTGAATATCAATGGGGTGTCGTTAAA 
ATCTCACAAAATGTGACCATTTCCTTGTTCTTCAGCCAGATCTGAG 
CGAGI 1 1 ICATGGCTTCAACCATTCATCG 


6769 


Solanum tuberosum 

LcU 1 Q 1 CI III 

TTA-TGA 


CGATGAATGGTTGAAGCCATGAAAACTCGCTCAGATCTGGCTGAA 

A APA Ar^^iA A AT/^r:tTr* APATTTTrZiT^^Ari ATTTTA AP/^AP APPPPAT 
oAALrAAVjUAAA 1 V30 1 UAOA M 1 1 O 1 VjAoA 11 1 1 AALrVjAoAUULrOA J 

TGATATTCAGTGCCATTGTTGATGCTCTGT 


6770 




CAAAATGTGACCATTTC 


6771 




GAAAIGGIGACAI IMG 


6772 


Increased stearate 

Qfparnvl-AnP 

desaturase 


TGGCTCTGAGGCTGAACCCTAACCCTTCACAGAAGCTCTTTCTCTC 

TCCTTCTTCATCATGATCTTCTTCTTCTTCATCGTTCTCGCTTCCTC 

AAATGGCTAGCCTCAGATCTCCAAGGTT 


6773 


Arachis hypogaea 
Ser21Term 

^^X^l 1 1 111 

TCA-TGA 


AACCTTGGAGATCTGAGGCTAGCCATTTGAGGAAGCGAGAACGAT 
GAAGAAGAAGAAGATCATGATGAAGAAGGAGAGAGAAAGAGCTTC 
TGTGAAGGGTTAGGGTTCAGCCTCAGAGCCA 


6774 




TTCATCATGATCTTCTT 


6775 




AAGAAGATCATGATGAA 


6776 


Increased stearate 

stearoyl-ACP 

desaturase 


ACCCTAACCCTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCA 

TCTTCTTCTTCTTGATCGTTCTCGCTTCCTCAAATGGCTAGCCTCA 

GATCTCCAAGGTTCCGCATGGCCTCCAC 


6777 


Arachis hypogaea 

Ser26Term 

TCA-TGA 


GTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCATTTGA 
GGAAGCGAGAACGATCAAGAAGAAGAAGATGATGATGAAGAAGGA 
. GAGAGAAAGAGCTTCTGTGAAGGGTTAGGGT 


6778 
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PiT€notype,<3ene, 
Plant & Tafaeted 


Altering Oltgo$ . 1 


MO: 


Alteration 








rrCTTCTTGATCGTTCT 


6779 




^GAACGATCMGMGAA 


6780 


Increased stearate 

stearoyl"ACP 

desaturase 


CTAACCCTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCATCT 

TCTTCTTCTTCATAGTTCTCGCTTCCTCAAATGGCTAGCCTCAGAT 

CTCCAAGGTTCCGCATGGCCTCCACCCT 


6781 


Arachis hypogaea 

Ser27Term 

TCG-TAG 


AGGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCAT 
TTGAGGAAGCGAGAACIATGAAGAAGAAGAAGATGATGATGAAGA 
AGGAGAGAGAAAGAGCTTCTGTGAAGGGTTAG 


6782 




TTCTTCATAGTTCTCGC 


6783 




GCGAGAACTATGAAGAA 


0/ o4 


Increased stearate 

stearovI-ACP 

desaturase 


CTTCACAGAAGCTCTTTCTCTCTCCTTCTTCATCATCATCTTCTTCT 
TCTTCATCGTTCTAGCTTCCTCAAATGGCTAGCCTCAGATCTCCAA 
GGTTCCGCATGGCCTCCACCCTCCGCAC 


6785 


Al/ Civ/ I/O i/y yL/lyyCiww 

Qpr9QTprm 

TCG-TAG 


RTRCGGARGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCT 
AnrrATTTf^ARRAAfinTARAACGATGAAGAAGAAGAAGATGATGA 
TGAAGAAGGAGAGAGAAAGAGCTTCTGTGAAG 


6786 




ATnGTTCTAGfJTTCCTC 


6787 




GAGGAAGCIAGAACGAT 


6788 


Increased stearate 

stearoyl-ACP 


AAAGTTAAAAGCCGTCCAAAAUUUAAACCAGGAAAeGCAAAUCjAA 
AAGAAAAAATGGCTTAGAAI 1 1 1 AATGCCATCGCCTCGAAATCTCA 


6789 


desaturase 


GAAGCTCCCTTGCI 1 1 GCTCTTCCACCAAA 




Gossypium hirsutum 
LeuSTerm 


TTTGGTGGAAGAGCAAAGCAAGGGAGCTTCTGAGATTTCGAGGCG 
ATGGCATTAAAATTCIAAGCCAI 1 1 1 1 ICI 1 1 rCGTTTGCCTTTCCT 


6790 


TTG-TAG 


GGTTTGGGI 1 1 IGGACGGCI 1 1 lAACTTT 






AATGGCI lAGAAl 1 1 lA 


6791 




■I" A A A A ' 1 1 A A ^\^\^^ A "I""!" 

TAAAATTCIAAGCCATT 


0/yz 


Increased stearate 

stearovl-ACP 

desaturase 


CCGAAACCAGGAAAGGCAAACGAAAAGAAAAAAICiCiUI 1 lUAAl 1 1 
TAATGCCATCGCCTAGAAATCTCAGAAGCTCCCTTGCTTTGCTCTT 
CCACCAAAGGCCACCCTTAGATCTCCCAA 


6793 


Gossypium hirsutum 
Ser1-Term 


TTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAAAGCAAGG 
GAGCTTCTGAGATTTCTAGGCGATGGCATTAAAATTCAAAGCCATT 


6794 


TCG-TAG 


1 1 1 ICI 1 1 ICGTTTGCCTTTCCTGGTTTGGG 






CATCGCCTAGAAATCTC 


6795 




GAGATTTCIAGGCGATG 


6796 
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Phenotyp%<5ene, 


















sea ID 


Plant & Targeted 
1: Alteration 








Alt0r1rl9Olig0d 






HO: 


Increased stearate 

stearovl-ACP 

desaturase 

Gossypium hirsutum 

LysHTerm 

AAA-TAA 


CAAACCAGGAAAGGCAAACGAAAAGAAAAAATGGCTTTGAATTTTA 
ATGrrATPGrnTnfiTAATnTCARAAGCTCCCTTGCTTTGnTCTTCC 
ACCAAAGGCCACCCTTAGATCTCCCAAGT 


6797 


AC 1 IGGGAGA 1 C 1 AAGGG 1 GGCC 1 1 1 GG 1 GGAAGAGCAAAGCAAG 
fir5AnrTTrTRAGATTAnGAGGnRATRRf;ATTAAAATTCAAAGCCA 

1 1 1 1 1 ICI 1 1 ICGI 1 IGCCI 1 ICCIGGI 1 IG 


6798 


TCGCCTCGIAATCTCAG 


6799 


CTGAGATTACGAGGCGA 


6800 


Increased stearate 

stearovl-ACP 

desaturase 

Gossypium hirsutum 

Gln13Term 

CAG-TAG 


AGGAAAGGCAAACGAAAAGAAAAAATGGCTTTGAATTTTAATGCCA 
TCGCCTCGAAATCTTAGAAGCTCCCTTGCTTTGCTCTTCCACCAAA 
GGCCACCCTTAGATCTCCCAAGTTTTCCA 


6801 


TGGAAAACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAA 
AGCAAGGGAGCTTCTAAGAI 1 1 CGAGGCGATGGCATTAAAATTCAA 
AGCCAI 1 1 1 1 ICI 1 1 ICGI 1 IGCCTTTCCT 


6802 


CGAAATCTTAGAAGCTC 


6803 


GAGCTTCTAAGA- 


mcG 










6804 
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Table 24 

Oligonucleotides to produce plants with reduced linolenic acid 



Phenotype, <5etie. 




1 NO: 


Plant & nargetod 
Alteration 


Altering Qli^OS :: 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


AAIAGAACGACAGAGACI 1 1 1 ICCICI 1 1 ICI ICI IGGGAAGAGGC 
TCCAATGGCGAGCTAGG 1 1 1 1 ATCAGAATGTGG 1 1 1 lAGACCTCTC 
CCCAGATTCTACCCTAAACACACAACCTC 


6805 


Arabidopsis thaliana 

Ser4Term 

TCG-TAG 


GAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAGGTCTAAAACCA 
CATTCTGATAAAACCTAGCTCGCCATTGGAGCCTCTTCCCAAGAAG 
AAAAGAGGAAAAAGTCTCTGTCGTTCTATT 


6806 




GGCGAGCIIGGIIIIAI 


6807 




ATAAAACCAAGCTCGCC 


6808 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ACGACAGAGACI 1 1 1 ICCICI 1 1 ICI ICI 1 GGGAAGAGGCI CCAAT 
GGCGAGCTCGGTTTGATCAGAATGTGGI 1 1 1 AGACCTCTCCCCAG 
ATTCTACCCTAAACACACAACCTCI 1 NGC 


6809 


Arabidopsis thaliana 

Leu6Term 

TTA-TGA 


GCAAAAGAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAGGTCTA 
AAACCACATTCTGATCAAACCGAGCTCGCCATTGGAGCCTCTTCC 


6810 




CICGGI 1 IGAICAGAAI 


6811 




ATTCTGATCAAACCGAG 


6812 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ACAGAGAC II 1 II CC 1 C II II C 1 1 CI 1 GGGAAGAGGCTCCAATGGC 
GAGCTCGGI 1 1 1 AIGAGAAIGIGGI 1 1 iagacgtctccccagattg 
TACCCTAAACACACAACCTCI 1 1 IGCCTC 


6813 


Arabidopsis thaliana 

Ser7Term 

TCA-TGA 


gaggcaaaagaggttgtgtgtttagggtagaatctggggagaggt 

A A A A #^ A A ' 1 "'i"/*Nnf~^% A "T" A A A A AN AN AN A AN ANTHA^ AN AN AN A ' 1 1 ' AN A*\ A AN AN AN"T" AN 1 ' 1 ' 

ctaaaaccacattctcataaaaccgagctcgccattggagcctctt 
cccaagaagaaaagaggaaaaagtctctgt 


6814 




ggttttatgagaatgtg 


6815 




cacattctcataaaacc 


6816 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


AGAGACI M IICCICI 1 1 ICI ICI 1 GGGAAGAGGCiCCAATGGCGA 
GCTCGGI 1 IIAICAIAAIGIGGII 1 1 AGACCTCTCCCCAGATTCTA 
CCCTAAACACACAACCTCI 1 1 IGCCTCTA 


6817 


Arabidopsis thaliana 

GluSTerm 

GAA-TAA 


TAGAGGCAAAAGAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAG 
GTCTAAAACCACATTATGATAAAACCGAGCTCGCCATTGGAGCCTC 
TTCCCAAGAAGAAAAGAGGAAAAAGTCTCT 


6818 




1 1 1 lAICAiAAIGIGGI 


6819 




ACCACATTATGATAAAA 


6820 



wo 01/92512 



-192- 



PCT/USOl/17672 





Pfienotype^Gene, 
Plant &TargefBtl 
Alteration 


Alt^ngOlig0$ 


NO: 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


TCATCA1 U 1 1 U 1 1 CTTCTGGC3Q3AtiAtjACiAt3A<jA(iUAAAAUA(jL; 1 U 1 

AGCAATGGCGAACTAGGTCTTATCCGAATGTGGCATAAGACCTCT 

CCCCAGAATCTACACCACACCCAGATCCAC 


OoZT 


5 


Brassies juncea 

Leu4Term 

TTG-TAG 


GTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTTATGCCA 
CATTCGGATAAGACCIAGTTCGCCATTGCTAGAGCTCI 1 1 IGCTCT 
CTCTCTCTCCCCAGAAGAAGAAGATGATGA 


6822 






GGCGAACTAGGTCTTAT 


6823 












Reduced linolenic acid 
desaturase 


TCTTCTTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGCTG 1 AbuAA 
TGGCGAACTTGGTCTGATCCGAATGTGGCATAAGACCTCTCCCCA 
GAATCTACACCACACCCAGATCCACTTTCCT 


bozo 


10 


Brassica juncea 

Leu6Term 

TTA-TGA 


AGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTT 
ATGCCACATTGGGATCAGACCAAGTTCGCCATTGCTAGAGCTCTTT 
TGCTCTCTCTCTCTCCCCAGAAGAAGAAGA 


6826 






CTTGGTCTGATCCGAAT 


6827 






ATTCGGATCAGACCAAG 


oo2o 


15 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


TTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGbLb 
AACTTGGTCTTATCCIAATGTGGCATAAGACCTCTCCCCAGAATCT 
ACACCACACCCAGATCGACTTTCCTCTCCA 


oozy 




Brassica juncea 

GluSTerm 

GAA-TAA 


TGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGA 
GGTCTTATGCGAGATTAGGATAAGACCAAGTTCGCCATTGCTAGAG 
CTCI 1 1 1 GCTCTCTCTCTCTCCCCAGAAGAA 


6830 






TCTTATCCIAATGTGGC 


6831 






r*r*r^Ar* ATTA/^o ATA aoa 


uooz 


20 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGGL.bAAU 1 1 
GGTCTTATCCGAATGAGGCATAAGACCTCTCCCCAGAATCTACAC 
CACACCCAGATCCACi 1 1 CCTCTCCAACACC 


oooo 




Brassica juncea 

CysQTerm 

TGT-TGA 


GGTGTTGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGG 
GAGAGGTCTTATGCCTCATTCGGATAAGACCAAGTTCGCCATTGCT 
AGAGCTCI 1 1 IGCTCTCTCTCTCTCCCCAG 


6834 






TCCGAATGAGGCATAAG 


6835 






CTTATGCCTCATTCGGA 


0000 


25 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ATAACAGAATTGCTGAAnCTIGCAl 1 1 1 lAGCTTCTGGGI 1 1 ICAA 

TGGCTGCTGGTTGAGTATTATCAGAATGTGGTTTAAGGCCTCTCCC 

AAGAATCTACTCACGACCCAGAATTGGT 


6837 


30 


Ricinus communis 

TrpSTerm 

TGG-TGA 


ACCAATTGTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTTAAACC 
ACATTCTGATAATAGTCAAGCAGGAGGCATTGAAAACCCAGAAGCT 
AAAAATGCAAGAATTCAGCAATTCTG1TAT 


6838 
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SEQiD 
KO; 


\ Alt$rijigOltg0$ . . 




GCTGGTTGAGTATTATC 


6839 




GATAATACTCAACCAGC 


6840 


Reduced linolenic acid 

UlTlc;yd''0 Idliy dCrlU 

desaturase 


AGAATIGCIGAAI ICI IGCAI 1 1 1 lAGCI lUIUUUI 1 1 lUAAIUUUI 

nrTr^r^TTr^nf^TATC5ATrAr^AATr^Tn(^TTTAARftnnTnTnrinAARA 

OO 1 1 1 OOO 1 r\ \ \3r\ i OMv3r\r\ 1 O I OO 1 1 1 r\r\\3\3\j\j 1 w 1 OwwrVAVDrt 

ATCTACTCACGACCCAGAATTGGI 1 1 lAC 


6841 


Ricinus communis 
1 pnTTprm 
TTA-TGA 


GTAAAACCAA1TCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTT 

AAACCACATTCTGATCATACCCAACCAGCAGCCATTGAAAACCCAG 

AAGCTAAAAATGCAAGAATTCAGCAATTCT 


6842 




TTGGGTATGATCAGAAT 


6843 




ATTCTGATCATACCCAA 


6844 


Reduced linolenic acid 
onnega-3 fatty acid 
desaturase 


Al IGCIGAAI ICI IGCAI 1 1 1 lAGCI ICIGGGI 1 1 ICAAIGGCIGCI 
GGTTGGGTATTATGAGAATGTGGTTTAAGGCCTCTCCCAAGAATCT 
ACTCACGACCCAGAATrGGI 1 1 lACATC 


6845 


Ricinus communis 

SerSTerm 

TCA-TGA 


GATGTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGC 
CTTAAACCACATrCTCATAATACCCAACCAGCAGCCATTGAAAACC 
CAGAAGCTAAAAATGCAAGAATTCAGCAAT 


6846 




GGTATTATGAGAATGTG 


6847 




CACATTCTCATAATACC 


6848 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


IGCIGAAI ICI IGCAI 1 1 1 lAGCI ICIGGGI 1 1 ICAAIGGCIGCIG 
GTTGGGTATTATCATAATGTGGTTTAAGGCCTCTCCCAAGAATCTA 
CTCACGACCCAGAATTGGI 1 1 lACATCGA 


6849 


Ricinus communis 

GluQTerm 

GAA-TAA 


TCGATGTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAG 

GCCTTAAACCACATTATGATAATACCCAACCAGCAGCCATTGAAAA 

CCCAGAAGCTAAAAATGCAAGAATTCAGCA 


6850 




TATTATGAIAATGTGGT 


6851 




ACCACATTATGATAATA 


6852 


Reduced linolenic acid 
desaturase 


GCAAGTTGGG I TTTATCAGAATGTGGTCTTAGACCACTCCCAAGAA 
TCTACCCTAAGCCCTGAACTGGGGCAGCCACTTCTGCCTCCTCTC 
ACATTAAGTTGAGAATTTCACGTACAGATC 


6853 


Nicotians tabacum 

Arg22Term 

AGA-TGA 


GATCTGTACGTGAAATTCTCAACTTAATGTGAGAGGAGGCAGAAGT 
GGCTGCCCCAGTTCAGGGCTOGGGTAGATTCTTGGGAGTGGTCT 
AAGACCACATTCTGATAAAACCCAACTTGC 


6854 




CTAAGCCCIGAACTGGG 


6855 




CCCAGTTCAGGGCTTAG 


6856 
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l»fartt& Targeted 


Altering Ollg0$ : 

^ ' j 


m: 




Reduced linolenic acid 
ornega-o lauy aciu 
desaturase 


CTCCCAAGAATCTACCCTAAGCCCAGAACTGGGGCAGCCACTTCT 

r^PPTPPTPTOAPATTTArriTTr^Ar^A A 1 I 1 PAP^iiTAPAniATPTriAriTri 

GTTCTGCAATTTCTTTGTCTAATACTAATA 


6857 


5 


Nicotians tabacum 
1 v^?4Tprm 

AAG-TAG 


tattagta™gacaaagaaattgcagaaccactcagatctgtacg 

TGAAATTrTrAArTAAATGTGARAGGAGGnARAAGTGRnTfinnnn ' 

agttctgggcttagggtagattcttgggag 


6858 






ctcacattiagttgaga 


6859 






tctcaactaaatgtgag 


6860 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


caagaatctaccctaagcccagaactggggcagccacttctgcct 
cctctcacattaagtagagaatttcacgtacagatctgagtggttc 
tgcaatttctttgtctaatactaataaaga 


6861 


10 


Nicotiana tabacum 

Leu35Term 

TTG-TAG 


tctttattagtattagacaaagaaattgcagaaccactcagatctgt 
acgtgaaattctctacttaatgtgagaggaggcagaagtggctgc 
cccagttctgggcttagggtagattcttg 


6862 






cattaagtagagaattt 


6863 






A j> J* ^^^^^^^^^^m^ A ^^^^^^ A A ^^^^ 

aaattctctacttaatg 


6864 


15 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


agaatctaccctaagcccagaactggggcagccacttctgcctcc 
tctcacattaagttgtgaatttcacgtacagatctgagtggttctg 
caatttctttgtctaatactaataaagaga 


6865 




Nicotiana tabacum 

Arn^fiTprm 
AGA-TGA 


ICICI 1 iai iagiai iagacaaagaaai igcagaaccacicagaici 

f5TArRTftAAATTrArAAnTAATfiTfiAnAfiftAGftrAftAAftTr;r;rT 

gccccagttctgggcttagggtagattct 


6866 






TTAAGTTGTGAATTTCA 


6867 






tgaaattcacaacttaa 


6868 


20 


Reduced linolenic acid 
omeaa-3 fattv acid 
desaturase 


gcgagttgggttttatcagaatgtggtctgaggccactcccgagg 

GTCTATCCTAAGCCATGAACTGGCCACCCI 1 1 GTTGAATTCCAATC 
CCACAAAGCTGAGAI 1 1 1 CAAGAACAGATC 


6869 




Sesamum indicum 

Arg22Term 

AGA-TGA 


GAICIGI ICI IGAAAAICICAGCI 1 IGIGGGAI IGGAAI ICAACAA 
AGGGTGGCCAGTTCATGGCTTAGGATAGACCGTCGGGAGTGGCC 
TCAGACCACATTCTGATAAAACCCAACTCGC 


6870 






CTAAGCCAIGAACTGGC 


6871 






GCCAGTTCATGGCTTAG 


6872 


25 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CAGAATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAA 
GAACTGGCCACCCTTAGTTGAATTCCAATCCCACAAAGCTGAGATT 
TTCAAGAACAGATCTTGGAAATGGTTCTTC 


6873 


30 


Sesamum indicum 

Leu27Term 

TTG-TAG 


GAAGAACCATTTCCAAGATCTGTTCTTGAAAATCTCAGCTTTGTGG 
GATTGGAATTCAACTAAGGGTGGCCAGTTCTTGGCTTAGGATAGA 
CCCTCGGGAGTGGCCTCAGACCACATTCTG 


6874 
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Phenotype^rOene, 








Alt^fjilaOltadd 


L SEQID 
n HO: 


deration 






CCACCCTTAGTTGAATT 


6875 




AATTCAACIAAGGGTGG 


6876 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


AATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAAGAA 
CTGGCCACCCTTTGTAGAATTCCAATCCCACAAAGCTGAGAI IMC 

1 X.^ ^im^ \^ » XX XX III ^nt^ 1 m^m. U 1 1 1 XX XX' If * 1 XX XX XX# »XX# If 1* X^ 1 1 1 1 1 1 

AAGAACAGATCTTGGAAATGGTTCTTCATT 


6877 


Sesamum indicum 

Leu28Term 

TTG-TAG 


AATGAAGAACCATTTCCAAGATCTGTTCTTGAAAATCTCAGCTTTGT 

GGGATTGGAATTCTACAAAGGGTGGCCAGTTCTTGGCTTAGGATA 

GACCCTCGGGAGTGGCCTCAGACCACATT 


6878 




CCCTTTGTAGAATTCCA 


6879 




TGGAATTCIACAAAGGG 


6880 


Reduced linolenic acid 
oniega-3 fatty acid 
desaturase 


CTCCCGAGGGTCTATCCTAAGCCAAGAACTGGCCACCCTTTGTTG 
AATTCCAATCCCACATAGCTGAGAI 1 1 1 CAAGAACAGATCTTGGAA 
ATGGTTCTTCATTCTGTTTGTCGAGTGGGA 


6881 


Sesamum indicum 

i—y^\j" 1 i 1 1 

AAG-TAG 


TCCCACTCGACAAACAGAATGAAGAACCATTTCCAAGATCTGTTCT 

TrSAAAATrTPARPTATriTrsnriATTrir^AATTrAArAAARfiRTrifirr 

1 \3r\r\r\r\ 1 1 (-rAOV-* 1 M 1 U 1 OOOA 1 1 VJOAAA 1 1 \»>rV\OrvTr\V3\JO 1 0*JV»»v 

AGTTCTTGGCTTAGGATAGACCCTCGGGAG 


6882 




ATCCCACAIAGCTGAGA 


6883 




TCTCAGCTATGTGGGAT 


6884 


Reduced linolenic acid 
onieaa-3 fattv acid 
desaturase 


CATCAGAGCGGCGATACCTAAGCATTGCTGGGTTAAGAATCCATG 
GAAGTCTATGAGTTAGGTCGTCAGAGAGCTAGCCATCGTGTTCGC 
ACTAGCTGCTGGAGCTGCTTACCTCAACAAT 


6885 


Brassica napus 

Tyr3Term 

TAC-TAG 


ATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGAACACGATGGC 
TAGCTCTCTGACGACCTAACTCATAGACTTCCATGGATTCTTAACC 
CAGCAATGCTTAGGTATGGCCGCTCTGATG 


6886 




ATGAGTTAGGTCGTCAG 


6887 




CTGACGACCTAAGTCAT 


6888 


Reduced linolenic acid 

nnripna-'^ fattv ^r\c\ 

desaturase 


GCGGCGATACCTAAGCATTGCTGGGTTAAGAATCCATGGAAGTCT 
ATGARTTAnGTnGTnTGAGAGnTARnnATnRTfiTTnfinAnTARfiT 

GCTGGAGCTGCTTACCTCAACAATTGGCTTG 


6889 


Brassica napus 

Arg6Term 

AGA-TGA 


CAAGCCAATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGAACA 
CGATGGCTAGCTCTCAGACGACGTAAGTCATAGACTTCCATGGAT 
TCTTAACCCAGCAATGCTTAGGTATCGCGGC 


6890 




ACGTCGTCIGAGAGCTA ' 


6891 




TAGCTCTCAGACGACGT 


6892 
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: $EQID 




Altering Oligo$ 


Alteration 


^ 


ii HO: 


Reduced linolenic acid 

Ulilcyd"0 laliy duJU 

desaturase 


GCGATACCTAAGCATTGCTGGGTTAAGAATCCATGGAAGTCTATG 
GAGCTGCTTACCTCAACAATTGGCTTGTTT 


A 6893 

> 
1 


Brassica napus 
Rlij7Tf=>rrn 

GAG-TAG 


AAACAAGCCAATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCG/ 
ACACGATGGCTAGCTATCTGACGACGTAACTCATAGACTTCCATG 
GATTCTTAACCCAGCAATGCTTAGGTATCGC 


\ 6894 




TCGTCAGAIAGCTAGCC 


6895 




GGCTAGCTATCTGACGA 


6896 


Reduced linolenic acid 

uijicyci o Jduy ciuiu 

desaturase 


CCATGGAAGTCTATGAGTTACGTCGTCAGAGAGCTAGCCATCGTC 
TTCGnACTAGCTGCTTGAGCTGCTTACCTCAACAATTGGCTTGTT 
GGCCTCTCTATTGGATTGCTCAAGGAACCA 


3 6897 
r 

1 


Brassica napus 
oiy 1 / 1 erm 
GGA-TGA 


TGGTTCCTTGAGCAATCCAATAGAGAGGCCAAACAAGCCAATTGT 
oAoo 1 AAbUAoU 1 LrAAvjUAUU 1 Ao 1 UOIjAAUAUvjA 1 UoU 1 AoU 1 
CTCTGACGACGTAACTCATAGACTTCCATGG 


T 6898 




TAGCTGCTTGAGCTGCT 


6899 




AGCAGCTCAAGCAGCTA 


6900 


Reduced linolenic acid 

OlTlcyd-O IdUy dUlQ 

desaturase 


GCAAGTTGGGTTCTATCAGAATGTGGTCTTAGAUCACTACCAAGA 

TAT&rPPAAAr5rrPTr5AATAfif5(^TrTmTPPRTTTf5Pf5rPAPrA 
1 r\ 1 AO vv»'rvTr\v3L/w>M» 1 \3r\r\ I AOOO 1 1 1 *j 1 1 0V-»0 1 1 1 \J\j\3\^\^r\\^\jn 

TTTAAATCTGAGAAGAATTTCACCTTCAC 


A 6901 
A 


Solanum tuberosum 

Arfi99Tprm 
AGA-TGA 


GTGAAGGTGAAATTCTTCTCAGATTTAAATTGGTGGCGCAAACGG 
Ar5AAfiAPPPTATTPAGGGPTTTGGGTATATTf!TTGGTARTGGTnT 

AGACCACATTCTGATAGAACCCAACTTGC 


A 6902 
A 




CAAAGCCCIGAATAGGG 


6903 




CCCTATTCAGGGCTTTG 


6904 


Reduced linolenic acid 
onfiega-3 fatty acid 
desaturase 


TGGTCTTAGACCACTACCAAGAATATACCCAAAGCCCAGAATAGG 
GTCTTCTTCCG 1 1 1 GAGCCACCAA 1 1 1 AAATCTGAGAAGAATTTC/' 
CCTTCACCTATACGAACAGATCGGAATTGT 


6905 


Solanum tuberosum 
uyszy 1 erm 
TGC-TGA 


ACAATTCCGATCTGTTCGTATAGGTGAAGGTGAAATTCTTCTCAG/ 

1 1 1 A A ATTf^OTr^OOTO A A ArTT* A AO A AP APPPT&TTPTPPPPTTT( 

1 1 lAAAl 1 Labi ouU 1 UAAAUuLjAAVjAAoAULrUl Al IVyluuoUl 1 1' 

GGTATATTCTTGGTAGTGGTCTAAGACCA 


\ 6906 

b 




TCCGTTTGAGCCACCAA 


6907 




TTGGTGGCICAAACGGA 


6908 


Reduced linolenic acid 
onnega-3 fatty acid 
desaturase 


CACTACCAAGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCG 
TTGCGCCACCAATTGAAATCTGAGAAGAATTTCACCTTCACCTAT/ 
CGAACAGATCGGAATTGTTGGGCATTGAG 


T 6909 


Solanum tuberosum 

Leu33Term 

TTA-TGA 


CTCAATGCCCAACAATTCCGATCTGTTCGTATAGGTGAAGGTGAA 
TTCTTCTCAGATTTCAATTGGTGGCGCAAACGGAAGAAGACCCTA 
TCTGGGCTTTGGGTATATTCTTGGTAGTG 


A 6910 
T 
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Altering Oligo$ >; 








NO; 






CACCAATTGAAATCTGA 


6911 




TCAGATTTCAATTGGTG 


6912 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


AGMTATACCCAAAGCCCAGAATAGGGTCTTCTTCCGTTTGCGCCA 
CCAATTTAAATCTGTGAAGAAI 1 1 CACCTTCACCTATACGAACAGAT 
CGGAATTGTTGGGCATTGAGGGTAAGTG 


6913 


Solatium tuberosum 
Arn^fiTprm 

Jxt MOV/ 1 \ii III 

AGA-TGA 


CACTTACCCTCAATGCCCAACAATTCCGATCTGTTCGTATAGGTGA 
ARRTRAAATTrTrnAnAnATTTAAATTGnTGfirGrAAAfifiRAARAA 

GACCCTATTCTGGGCI 1 IGGGTATATTCT 


6914 




TAAATCTGIGAAGAATT • 


6915 




AAI ICI ICACAGAI 1 lA 


6916 


Reduced linolenic acid 
onnega-3 fatty acid 
desaturase 


CTCTTTATTATCCTCCTCTICI I IGI 1 1 1 TTTTGAGTTCTGAGTCACC 

TATGGCAAGTTGAGTGATTTCAGAATGTGGGCTAAGGCCACTTCC 

AAGAATCTATGCCAGGCCCAGAAGTGGA 


6917 


Petroselinum crispum 

Trp4Ternri 

TGG-TGA 


TCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTGGCCTTAGCCC 
ACATTCTGAAATCACTCAACTTGCCATAGGTGACTCAGAACTCAAA 
AAAAACAAAGAAGAGGAGGATAATAAAGAG 


6918 




GCAAGTTGAGTGATTTC 


6919 




GAAATCACTCAACTTGC 


6920 


Reduced linolenic acid 

UIMcyd-O IdLLy dUlU 

desaturase 


lAICCICCICI ICI 1 IGII 1 1 1 1 1 IGAGI ICIGAGICAGCIAIGGCA 
TATGCCAGGCCCAGAAGTGGAGCTTCATG 


6921 


Petroselinum crispum 
Rpr7Tprm 

V/wl t I ^1 III 

TCA-TGA 


CATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTGGC 
nTTAGrrnAnATTPTfiAAATnAnnnAAnTGrrATARGTRAnTnAR 

AACTCAAAAAAAACAAAGAAGAGGAGGATA 


6922 




GGTGATTTGAGAATGTG 


6923 




CACATTCTCAAATCACC 


6924 


Reduced linolenic acid 

V/lilC7^Cl \J ICiLLy GLOIU 

desaturase 


ICCICCICI ICI 1 IGI 1 1 1 1 1 1 IGAGI 1 C 1 GAG 1 CACC 1 A 1 GGCAAG 
TTGGGTGATTTCATAATGTGGGCTAAGGCCACTTCCAAGAATCTAT 
GCCAGGCCCAGAAGTGGAGCTTCATGTT 


6925 


Petroselinum crispum 

Glu8Term 

GM-TAA 


AACATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTG 

GCCTTAGCCCACATTATGAAATCACCCAACTTGCCATAGGTGACTC 

AGAACTCAAAAAAAACAAAGPAGAGGAGGA 


6926 




TGATTTCATAATGTGGG 


6927 




CCCACATTATGAAATCA 


6928 
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Altering Oltgos ' ^ \ 


SEaiD 




Alteration 




NO: 




Reduced linolenic acid 
Dnripna-!^ fattv anid 

desaturase 


CICI ICI IIGI 1 1 II 1 1 IGAGI ICIGAGICACCIAIGGCAAGI IGGG 
TGAT 1 rCAGAATGAGGGCTAAGGCCACTTCCAAGAATCTATGCCA 
GGCCCAGAAGTGGAGCTTCATGTTTCMC 


6929 




Petroselinum crispum 
TGT-TGA 


GTTGAAACATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGA 
^CTCAGAACTCAAAAAAAACAAAGAAGAG 


6930 






TCAGAATGAGGGCTAAG 


6931 






CTTAGCCCICATTCTGA 


6932 




Reduced linolenic acid i 

nmpna-'^ fattv ariri 

desaturase i 


MGAAGCAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGnA 

ATf?RTTTTf;ATfinTTAAGAARAAGAARAAfiAARARfiATTTf;RAnTT 
AAGCAATCCTCCTCCATTCAATATTGGTC 


6933 


10 

i 


Vernicia fordii 
vs21Terni 
AAA-TAA 


GACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATCCTCTTC 
TTCTTCTTCTTCTTAAGCATGAAAACCATTAACGCCAI 1 lAGAATTG 
GGGTGTCTTTGTACTGTTGCTGCTTCAT 


6934 






TTCATGCTIAAGAAGAA 


6935 






TTCTTCTTAAGCATGAA 


6936 


15 


Reduced linolenic acid i 
omega-3 fatty acid 
desaturase 


AAGCAGCAACAGTACAAAGACACCeCAATTCTAAATGGCGTTAATG 

1 1 l'/^ ATO/^T A A ATA A/^A A/^A A/^A A/^A A A /^/^ A'l" 1 ' 1'^/^ A /^'l" 1' A A 

bill 1 CATbCTAAATAAbAAGAAGAAGAAGAGGA 1 1 1 CGACTTAAG 
CAATCCTCCTCCATTCAATATTGGTCAGA 


6937 




Vernicia fordii 

OIUZ^ 1 CI III 

GAA-TM 


rCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATCCTC 

1 IL>I lUI lOI lAl 1 1 AoLrA lo/vW\UUA 1 IAALroL>L»AI 1 lAoAA 

TTGGGGTGTCTTTGTACTGTTGCTGCTT 


6938 




i 


ATGCTAAAIAAGAAGAA 


6939 






ITCTTCTTATTTAGCAT 


6940 


20 


Reduced linolenic acid 

rirnpna-^ fattv arirl 

desaturase 


CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATGGTT 
TTOATGCTAAARAATAARAARAAfiAAfiAfifiATT 1 nfiAHTTAARnAA 

rCCTCCTCCATTCAATATTGGTCAGATCC 


6941 




Vernicia fordii 

Glu23Term 

GAA-TAA 


GGATCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATC 

CTCTTCTTCTTCTTATTCTTTAGCATGAAAACCATTAACGCCATTTA 

GAATTGGGGTGTCTTTGTACTGTTGCTG 


6942 






CTAAAGAATAAGAAGAA 


6943 






1 ICI ICI lAI ICI 1 lAG 


6944 


25 


Reduced linolenic acid 
Dnnega-3 fatty acid 
desaturase 


CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATGGTT 
rrCATGCTAAAGAATAAGAAGAAGAAGAGGATiTCGACTTAAGCAA 
rCCTCCTCCATTCAATATTGGTCAGATCC 


6945 


30 


Vernicia fordii 

Glu24Term 

GAA-TAA 


GGATCTGACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATC 
CTCTTCTTCTTCTTATTCTTTAGCATGAAAACCATTAACGCCAI 1 lA 
GAATTGGGGTGTCTTTGTACTGTTGCTG 


6946 
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Ph^notype^ Gena^ 
FfantSt Targeted 


- ■ ;: 






: ^ Altering Oltgo$ 

• i 


NO: 






CTAAAGAAIAAGAAGAA 


6947 






1 lUI lUI lAI lUI 1 lAU 


6948 




Reduced linolenic acid 


GGTCCAAGCACAGCCTCTACAACATGTTGGTAATGGTGCAGGGM 


6949 




omega-3 fatty acid 


AGAAGATCAAGCnAGI 1 1 GATCCAAGTGCTCCACCACCCTTCAAG 






desaturase 


ATTGCAAATATCAGAGCAGCAATTCCAAAA 






Glycine max 


1 1 1 IGGAAI IGCIGCICIGAIAI 1 IGCAAICI 1 GAAGGG 1 GG 1 GGA 


6950 


5 


Tyr21Terni 
TAT-TAG 


GCACTTGGATCAAACTAAGCTTGATCTTCTTTCCCTGCACCATTAC 
CAACATGTTGTAGAGGCTGTGCTTGGACC 








CAAGCTTAGTTTGATCC 


6951 






bbATuAAAC 1 AAbLr 1 1 b 






Reduced linolenic acid 


GGTAATGGTGCAGGGAAAGAAGATCAAGCTTATTTTGATCCAAGTG 


6953 




onriega-3 fatty acid 


CTCCACCACCCTTCTAGATTGCAAATATCAGAGCAGCAATTCCAAA 






desaturase 


A ATTO/^T/^/^/^ AO A A /"^ A A A ATT"/^ A O AT 

AUAI IbblbbbAbAAbAAbAOAl IbAbAI 




1U 


Glycine max 
Lys31Ternn 


ATCTCAATbTbTTGTTOTUOOAbCrAA 1 b 1 1 II bbAA 1 1 bO 1 bU 1 U 1 

ATA 'vvvr^r^ a at/^t a a a oo/^t/*^ot/^o a a o i i oo at/^ a a a at a a 
GATA 1 1 1 GGAATOTAbAAbbb 1 bb 1 bbAbLrAU 1 1 bbA 1 UAAAA 1 AA 

/^r^TT/^ AT/^TTr^TTTor^r^Too A or* ATT A or* 
bO 1 1 bA 1 U 1 1 b 1 11 UbO 1 bOAbOA 1 1 Abb 


byo4 






f\ A r\r^f\'\ I OTA O A 1 I'OO a 

CACCCTTCTAGATTGCA 


OblOO 






TGCAATCTAGAAGGGTG 


6956 




Reduced linolenic acid 


AAA A A A "T*/^ A A i^/*N"l '"1" A "I*"!"* 1**1 '/^ A "T"/^/^ A A A /^/^ A /^/^/^' 1 ' 1 '/^ A 

AAAGAAGATCAAGCTTAI 1 1 1 GATCCAAGTGCTCCACCACCCTTCA 


6957 




omega-3 fatty acid 


AGATTGCAAATATCTGAGCAGCAATTCCAAAACATTGCTGGGAGAA 




15 


desaturase 


GAACACATTGAGATCTCTGAGTTATGTTC 






Glycine max 


GAACATAACTCAGAGATCTCAATGTGTTCTTCTCCCAGCAATGTTTT 


6958 




Arg36Term 


GGAATTGCTGCTCAGATATTTGCAATCTTGAAGGGTGGTGGAGCA 






AGA-TGA 


CTTGGATCAAAATAAGCTTGATCTTCI 1 1 








CAAATATCTGAGCAGCA 


6959 






TOOTOOTO A O AT ATTTO 

TGCTGCTCAGATA 1 1 IG 


DybU 




Reduced linolenic acid 


TAI 1 1 IGATCCAAGTGCTCCACCACCCTTCAAGATTGCAAATATCA 


6961 


20 


onneaa-3 fattv acid 
desaturase 


GAGCAGCAATTCCATAACATTGCTGGGAGAAGAACACATTGAGATC 
TCTGAGTTATGTTCTGAGGGATGTGTTGG 






Glycine max 


CCAACACATCCCTCAGAACATAACTCAGAGATCTCAATGTGTTCTT 


6962 




Leu41Term 


CTCCCAGCAATGTOTGGAATTGCTGCTCTGATATTTGCAATCTTG 






AAA-TAA 


AAGGGTGGTGGAGCACTTGGATCAAAATA 








CAATTCCATAACATTGC 


6963 






GCAATGTTATGGAATTG 


6964 
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FIaiif& Targeted ^ 


Altering Oligo$ 


SEQID 

: NO: 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CATCCACCCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGC 
CCGGCTCGTGCTCTCCTAGTGCTCGGGCCTCGCGCCCGTCCGCC 

GCCTGCGCGCCGGCCGGGGCGCCATTGCGGCGC 


6965 


Zea mays 
GluSTerm 
GAG-TAG 


GCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGGACGG 
GCGCGAGGCCCGAGCACTAGGAGAGCACGAGCCGGGCCATTGC 
CGCCGTCAGCGGGGCGGGTGCGGGTGCGGGTGGATG 


6966 




TGCTCTCCIAGTGCTCG 


6967 




CGAGCACr 1 AbbAbAbOA 


faybo 


Reduced linolenic acid 

uiiic^ci o iciiiy doiu 

desaturase 


ACCCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGG 
CTCGTGnTCTCCGAGTGATCGGGCCTCGCGCCCGTCCGCCGCCT 
GCGCGCCGGCCGGGGCGCCATTGCGGCGCGGTCA 


6969 


Zea mays 
CysQTerm 
TGC-TGA 


TGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGG 

ACGGGCGCGAGGCCCGATCACTCGGAGAGCACGAGCCGGGCCA 

TTGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGGGT 


6970 




TCCGAGTGATCGGGCCT 


6971 




AGGCCCGAICACTCGGA 


6972 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGGCT 

CGTGCTCTCCGAGTGCTAGGGCCTCGCGCCCGTCCGCCGCCTGC 

GCGCCGGCCGGGGCGCCATTGCGGCGCGGTCACC 


6973 


Zea mays 
Ser1 OTerm 
TCG-TAG 


GGTGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGC 

GGACGGGCGCGAGGCCCTAGCACTCGGAGAGCACGAGCCGGGC 

CATTGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGG 


6974 




CGAGTGCTAGGGCCTCG 


6975 




UbAbbULrUTAbC/AuTUb 


by/b 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


GCTCGGGCCTCGCGCCCGTCCGCCGCCTGCGCGCCGGCCGGGG 

CGCCATTGCGGCGCGGTGACCCCCCGCGCTCTCCGCGGCGCCG 

CGCCGTCGTCCCGCGTCCGCGTCCATCCACCGCGA 


6977 


Zea mays 

Ser29Term 

TCA-TGA 


TCGCGGTGGATGGACGCGGACGCGGGACGACGGCGCGGCGCCG 
CGGAGAGCGCGGGGGGTCACCGCGCCGCAATGGCGCCCCGGCC 
GGCGCGCAGGCGGCGGACGGGCGCGAGGGCCGAGC 


6978 




GGCGCGGTGACCCCCCG 


6979 




.^X ^X ^x ^x ^X ^X*V^ ^X A .^X .^X ^X .^X ^x ,^x ,^x 

CGGGGGGTCACCGCGCC 


6980 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CCCCCTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGC 

CCCCGCAATGAGGCCGTAGCAGGAGGCGAGCTGCAAGGCCACC 

GAGGACCACCGCTCCGAGTTCGACGCCGCCAAGC 


6981 


Triticum aestivum 

GluSTerm 

GAG-TAG 


GCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGCCTTG 
CAGCTCGCCTCCTGCTACGGCCTCATTGCGGGGGCCATGGCCGC 
GGATGGATCTGTGCGTGTGCGTGGGGGAGGGGG 


6982 
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NO: 




] \ ^ ^ , 




TGAGGCCGIAGCAGGAG 


6983 




U 1 LrLr 1 OO 1 AUOOLrLr 1 UA 


Dyo4 


1 II* 1 •_! 

Reduced linolenic acid 

rjrnpnpi-'^ fatfv ^c\c\ 

desaturase 


CCTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCC 

CGCAATGAGGCCGGAGTAGGAGGCGAGCTGCAAGGCCACCGAG 

GACCACCGCTCCGAGTTCGACGCCGCCAAGCCGC 


6985 


Triticum aestivum 

Gln9Term 

CAG-TAG 


GCGGCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGC 
CTTGCAGCTCGCCTCCTACTCCGGCCTCATTGCGGGGGCCATGG 
CCGCGGATGGATCTGTGCGTGTGCGTGGGGGAGG 


6986 




GGCCGGAGIAGGAGGCG 


6987 




CGCCTCCTACTCCGGCC 


6988 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCCCGC 
AATGAGGCCGGAGCAGTAGGCGAGCTGCAAGGCCACCGAGGACC 
ACCGCTCCGAGTTCGACGCCGCCAAGCCGCCGC 


6989 


Triticum aestivum 

GlulOTerm 

GAG-TAG 


GCGGCGGCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGT 

GGCCTTGCAGCTCGCCTACTGCTCCGGCCTCATTGCGGGGGCCA 

TGGCCGCGGATGGATCTGTGCGTGTGCGTGGGGG 


6990 




CGGAGCAGIAGGCGAGC 


6991 








Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


ACGCACAGATCCATCCGCGGCCATGGCCCCCGCAATGAGGCCGG 

AGCAGGAGGCGAGCTGAAAGGCCACCGAGGACCACCGCTCCGA 

GTTCGACGCCGCCAAGCCGCCGCCCTTCCGCATC 


6993 


Triticum aestivum 

CyslSTerm 

TGC-TGA 


GATGCGGAAGGGCGGCGGCTTGGCGGCGTCGAACTCGGAGCGG 
TGGTCCTCGGTGGCCTTTCAGCTCGCCTCCTGCTCCGGCCTCATT 
GCGGGGGCCATGGCCGCGGATGGATCTGTGCGT 


6994 




GCGAGCTGAAAGGCCAC 


6995 




GTGGCCTTICAGCTCGC 


6996 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CTTCACAAATCACAAATCGGAATCAGATCCACCACGACACCCCGG 
CGGCAATGGCGGCGTAGGCGACCCAGGAGGCCGACTGCAAGGC 
TTCCGAGGACGCCCGTCTCTTCTTCGACGCCGC 


6997 


Oryza sativa 

Ser4Term 

TCG-TAG 


GCGGCGTCGAAGAAGAGACGGGCGTCCTCGGAAGCCTTGCAGTC 
GGCCTCCTGGGTCGCCTACGCCGCCATTGCCGCCGGGGTGTCGT 
GGTGGATCTGATTCCGATTTGTGATTTGTGAAG 


6998 




GGCGGCGTAGGCGACCC 


6999 




GGGTCGCCIACGCCGCC 


7000 
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Plant &Jarg$ted 






, Altering OI{go$ 








MO: 


Reduced linolenic acid 

WIIIC^Cl \J IClLLy Cl\/iVJ 

desaturase 


ATCACAAATCGGAATCAGATCCACCACGACACCCCGGCGGCAATG 

GCGGCGTCGGCGACCTAGGAGGCCGACTGCAAGGCTTCCGAGG 

ACGCCCGTCTCTTCTTCGACGCCGCCAAGCCCC 


7001 


Oryza sativa 

Gin/Term 

CAG-TAG 


GGGGCTTGGCGGCGTCGAAGAAGAGACGGGCGTCCTCGGAAGC 

CTTGCAGTCGGCCTCCTAGGTCGCCGACGCCGCCATTGCCGCCG 

GGGTGTCGTGGTGGATCTGAnCCGATTTGTGAT 


7002 




CGGCGACCTAGGAGGCC 


7003 




GGCCTCCTAGGTCGCCG 


7004 


Reduced linolenic acid 
onieaa-3 fattv acid 
desaturase 


ACAAATCGGAATCAGATCCACCACGACACCCCGGCGGCAATGGC 

GGCGTCGGCGACCCAGTAGGCCGACTGCAAGGCTTCCGAGGACG 

CCCGTCTCTTCTTCGACGCCGCCAAGCCCCCGC 


7005 


Oryza sativa 

Glu8Term 

GAG-TAG 


GCGGGGGCTTGGCGGCGTCGAAGAAGAGACGGGCGTCCTCGGA 
AGCCTTGCAGTCGGCCTACTGGGTCGCCGACGCCGCCATTGCCG 
CCGGGGTGTCGTGGTGGATCTGATTCCGATTTGT 


7006 




CGACCCAGIAGGCCGAC 


7007 




b 1 UobULr 1 AO 1 bob 1 Ob 


f\j\)o 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


TCAGATCCACCACGACACCCCGGCGGCAATGGCGGCGTCGGCGA 

CCCAGGAGGCCGACTGAAAGGCTTCCGAGGACGCCCGTCTCTTC 

TTCGACGCCGCCAAGCCCCCGCCCTTCCGCATC 


7009 


Oryza sativa 

CyslOTerm 

TGC-TGA 


GATGCGGAAGGGCGGGGGCTTGGCGGCGTCGAAGAAGAGACGG 
GCGTCCTCGGAAGCCTTTCAGTCGGCCTCCTGGGTCGCCGACGC 
CGCCATTGCCGCCGGGGTGTCGTGGTGGATCTGA 


7010 




GCCGACTGAAAGGCTTC 


7011 




GAAGCCTTICAGTCGGC 


7012 



wo 01/92512 



-203- 



PCT/USOl/17672 



WHAT IS CLAIMED IS: 

1 . An oligonucleotide for targeted alteration of genetic sequence, conriprising a single- 
stranded oligonucleotide having a DNA domain, said DNA domain having at least one mismatch with respect 
to the genetic sequence to be altered, and further comprising chemical modifications of the oligonucleotide, 
said chemical modifications selected from the group consisting of an o-methyl modification, an LNA 
modification including LNA derivatives and analogs, Iwo or more phosphorothioate linkages on a terminus, 
and a combination of any two or more of these modifications. 

2. The oligonucleotide according to claim one that comprises two or more 
phosphorothioate linkages on at least the 3' terminus. 

3. The oligonucleotide according to claim one that comprises a 2'-0-methyl analog. 

4. The oligonucleotide according to claim one that comprises an LNA nucleotide, 
including an LNA derivative or analog. 

5. The oligonucleotide according to claim one that comprises a combination of at least 
two modifications selected from the group of a phosphorothioate linkage, a 2'-0-methyl analog, a locked 
nucleotide analog and a ribonucleotide. 

6. The oligonucleotide according to any one of claims 1 to 5 that comprises at least 
one unmodified ribonucleotide. 

7. The oligonucleotide according to any one of claims 1 to 6, wherein the sequence of 
said oligonucleotide is selected from the group consisting of SEQ ID NOS: 4341-7012 . 



8. A method of targeted alteration of genetic material, comprising combining the target 
genetic material with an oligonucleotide according to any one of claims 1 to 7 in the presence of purified 
proteins. 
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9. A method of targeted alteration of genetic material, comprising administering to a 
cell extract an oligonucleotide of any one of claims 1 to 7. 

10. A method of targeted alteration of genetic material, comprising administering to a 
cell an oligonucleotide of any one of claims 1 to 7. 

11. A method of targeted alteration of genetic sequence in callus, comprising 
administering to the callus an oligonucleotide of any one of claims 1 to 7. 

1 2. A method of targeted alteration of genetic sequence, comprising combining target 
genetic material with an oligonucleotide according to any one of claims 1 to 7, said target genetic material 
being a non-ti-anscribed DNA strand of a duplex DNA. 

1 3. The genetic material obtained by any one of the methods of claim 8, 9 or claim 1 0, 

1 4. A cell comprising the genetic material of claim 1 3. 

1 5. A plant organism comprising the cell according to claim 1 4. 

1 6. A plant or plant part produced by the method of claim 1 1 . 

1 7. A method of determining whether an oligonucleotide is optimized for targeted 
alteration of a genetic sequence, which comprises: 

(a) comparing the efficiency of alteration of a targeted genetic sequence by an oligonucleotide of 
any one of claims 1 to 7 with the efficiency of alteration of the same targeted genetic sequence by a second 
oligonucleotide, said second oligonucleotide selected from the group of an oligonucleotide that lacks the 
mismatch, a fully modified phosphorothiolated oligonucleotide, a fully modified 2-0-methylated 
oligonucleotide and a chimeric double-stranded double hairpin containing RNA and DNA nucleotides. 
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1 8. The method of claim 1 7 in which the alteration is produced in a plant cell extract. 

1 9. The method of claim 1 7 in which the alteration is produced in a cell. 

20. A l<it comprising the oligonucleotide according to any one of claims 1 to 7 and a 
second oligonucleotide selected from the group of an oligonucleotide that lacks the mismatch, a fully 
modified phosphorothiolated oligonucleotide, a fully modified 2-0-methylated oligonucleotide and a chimeric 
double stranded double hairpin containing RNA and DNA nucleotides. 
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Wild type: GAC AGC AT g]GCCAGT 
Mutant: GACAGCAT- GCCAGT 
Converted: GAC AGC AT ^GCCAGT 



Sequence analysis of Tef^ plasmid A208 



Control 



3S/25A 




Figure 3 
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DNA sequence analysis of Kan^ plasmids 
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Figure 6 
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HVCTE3T/25; 5 ' -AGG GCG TGG ATA CGT OCT GCG GGT A- 3' 



HvaE3T/74 ; 5 ' - CTC GTG CTT TCA GCT TOG ATG TAG GAG GGC 

GTG GAT ACG TCC TGC GGG TAA ATA GCT GCG 
CCG ATG GTT TCT AC-3 ' 



HvaE3T/74a: 5 ' - GTA GAA ACC ATG GGC GCA GCT ATT TAC CCG 

CAG GAC GTA TCC ACG CCC TCC TAC ATC GAA 
GCT GAA AGC ACG AG-3 ' 



HvaGG/Rev: 

T T 
/ \ / \ 

T ACATCCTCCCGCACCTATGCAGGACGCCCAT T 
T TGTAGGagggcguggaTAGGTccugcgggua T 
\ / / \ \ / 

T 3' 5' T 



Kan70T: 5 ' - CAT CAG AGC AGC CAA TTG TCT GTT GTG CCC AGT 
CGT AGC CGA ATA GCC TCT CCA CCC AAG CGG CCG GAG 
A-3' 



Figure 8 
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TTCGGCTA G GACTGG Neo/kan target 
AAGCCGAT C CTGACC 



TTCGGCTA C GACTGG 
AAGCCGAT G CTGACC 



converted 



FUSION GENE FOR LIGAND BINDING 
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